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ROLE OF NATIONAL LABORATORIES IN SCI- 
ENCE, MATHEMATICS AND ENGINEERING 
EDUCATION 



MONDAY, MAY 15, 1989 

House of Representatives, 
Committee on Science, Space, and Technology, 
Subcommittee on Energy Research and Development, 

Washington, DC. 

The Subcommittee met, pursuant to notice at 10:13 a.m., at the 
Hamilton County Bicentennial Public Library, Chattanooga, Ten- 
nessee, Honorable Marilyn Lloyd (Chairman of the Subcommittee) 
presiding. 

OPENING STATEMENT OF HON. MARILYN LLOYD, CHAIRMAN. 
SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT 

Ms. Lloyd. The Subcommittee will come to order. Good morning, 
ladies and gentlemen, thank you for being here. 

Today we stand on the brink of a crisis. As our technological ad- 
vancements and developments occur faster and faster, we as a soci- 
ety struggle to come to terms with the moral and policy implica- 
tions which arise from our technologies. But while technology ad- 
vances, we are also experiencing repeated serious declines In en- 
rollments in science, mathematics and engineering fields. Students 
are choosing other careers. This trend threatens tie entire scientif- 
ic immunity. The students today are the scientists of tomorrow. 

We have all seen how fast technology has advanced, and the 
prospect of having a shortage of qualified scientists coming into the 
research environment is frightening. Science academies and asso- 
ciations, educators, researchers and yes, even Congress, are all ex- 
amining this issue. Some are looking for solutions For their pwticu- 
lardisciplines and others are looking for broader answers. 

The Department of Energy and the National Laboratories recog- 
nized this problem, saw its potential impact on their activities and 
set about to take action. They recognized too that there is a large, 
untapped well of students, women and minorities, and designed 
Progra^ana criteria to lure these students into scientific fields. 

The DOE Lab and personnel and other people created programs 
for all grade levels, as well as undergraduate programs. But an- 
other question remained. How do we reach the most kids with the 
limited resources. One way is to reach the teachers. The National 
Laboratories then created summer programs for science teachers of 
all levels to give them practical laboratory experience and new 
ways to present information. In addition to long term professional 

(l) 
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support for the teachers, some of these programs also provide 
teachers with additional course materials for use in classrooms. 

Today, we are going to hear about these programs from the De- 
partment of Energy, from Labs, from the outside organizations who 
will develop and administer them, from teachers who face a lack of 
resources and materials as well as a lack of interest on the part of 
students, from other educators and from students who are current- 
ly participating in Department of Energy and Oak Ridge National 
Laboratory programs. 

This Subcommittee is interested in learning the goals of the vari- 
ous programs and their effectiveness. We are eager for recommen- 
dations and suggestions for improving and expanding this impor- 
tant role of the National Laboratories and how we, as legislators, 
might best assist their efforts. 

I want to welcome everyone here today. 1 think this promises to 
be a very interesting day, a very profitable one, but before we do 
call our first witnesses, I want to recognize my colleague, Congress- 
man Steve SchifT from New Mexico, for his opening remarks. And I 
must tell you that this is one of the hardest working members on 
my Subcommittee. When we went to Illinois for field hearings he 
was there, he's going to go out west with us for some more field 
hearings and I wish everybody on the Committee worked as hard 
as you do, Steve, and I want to give you a real big Tennessee wel- 
come today. 

Mr. Schiff. Thank you very much. First to be official, Madam 
Chair, 1 have some prepared remarks that frankly echo your own, 
which I would ask be incorporated into the record. They are al- 
ready in the notebook. 

Ms. Lloyd. Without objection. 

[The prepared opening statement of Mr. SchifT follows:] 
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OPENING STATEMENT 
HO). STEVEN SCHIFF 
HEARING TO EXAMINE ROLE OF NATIONAL LABORATORIES IN 
SCIENCE, MATHEMATICS AND ENGINEERING EDUCATION 
MAY 14. 1989 

Madam Chairman. ! am pleased to join you this morning to welcome 
our distinguished witnesses and hear their thoughts on the role of our 
National Laboratories in Science Education. This Subcommittee is 
always seeking ways to provide incentive for college students to 
pursue careers in science and engineering. and to improve the duality 
of elementary and secondary instruction in science and mathematics. 

It is clear that we need to CONTINUE our support in these areas. 
Last year, the National Science Foundation reported that less than 20S 
OF high school sophomore were interested in careers in natural 
sciences and engineering. It is also true that only SZ of the 
students who go to college receive baccalaureate degrees in science ok 
engineering; that less than a third of them continue their training; 
and that only a quarter of those who do eventually rectlve their 
doctorates. wlth this type of alarming statistics. it 15 indeed 
timely for this subcommittee to receive ideas and recommendations on 
how we can improve the quality of science education and the 
effectiveness of these programs in our national labora dries. 
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Our national laboratories have seen doing a marvelous job of 

EDUCATING AND TRAIN INS SCIENCE TEACHERS AS NELL AS STUDENTS* ThIS 

Subcommittee* under your fearless leadership. Hadah Chairman, has also 
demonstrated our support through authorizing additional funding for 
basic energy sciences and university research support year after year* 
Kith congressional funding, our national laboratories have been able 
to provide the training ground to upgrade the quality of our science 
teachers* and allo* students to conduct their research in top-notch 
laboratories for their theses and dissertations. 

This nation's science and technology efforts ultimately depend on 
an adequate supply of highly-trained and educated people. wfc must 
continue to attract hore students to the study of science, 
engineering. and mathematics. thereby strengthening the leadership of 
the United States in these areas. With that said. 1 look fornard to 
hearing from our nunesses today • 



s 
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OPENING STATEMENT OF HON. STEVEN H. SCHIFF. MEMBER, 
SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT 

Mr. Schiff. I just want to take one moment to say that I am the 
newest member of the Subcommittee on Energy Research and De- 
velopment. I was elected to the United States Congress last Novem- 
ber, so this is mv first year. I solicited an appointment on the Sci- 
ence, Space and Technology Committee and on the Energy Re- 
search and Development Subcommittee for two reasons. First of 
all, we all represent districts, and in our district as in this area, 
you have Oak Ridge National Laboratory here, it is an important 
part of the area— I understand it is not precisely in the district, but 
it is important in the area. I have Sandia National Laboratory in 
my district and Los Alamos National Laboratory not very far 
away. And therefore, this is of interest to the community. 

But even more important than that, I think these facilities are 
important to the Nation. I do believe that the ultimate future of 
cur Nation lies in Science and Technology. I think that if we are 
going to be successful, that must start with the education of young 
people and the direction of young people towards careers in Science 
and Technology. And that is why I am looking very much forward 
to this particular hearing. 

One last word I would like to add because it is deserving since I 
am in Mrs. Lloyd's district. As you are probably aware, Mrs. Lloyd 
is a Democrat and I am a Republican and we are both call it as we 
see it voters I have noticed on the House floor. But nevertheless, 
we do sit on opposite sides of the aisle. What I think you should be 
aware of is that on the Energy Research and Development Subcom- 
mittee, there is no such thing as Republican and Democrat There 
may be a place somewhere for differences along party lines per- 
haps, that has never shown itself in our work. All members are 
treated equally and ail of their ideas and thoughts are given equal 
consideration, and I just wanted to say I personally very, very 
much appreciate that. 

Ms. Lloyd. Thank you. It is a delight to work with you and to 
have you here. 

Before we begin some hearings, I think maybe we should estab- 
lish some ground rules. We do have 8 lot of witnesses today and we 
do want to finish by four o'clock. I think the library says we have 
to get out about four o'clock and we want to— we appreciate the 
library allowing us to use their facilities and we want to abide by 
their rules as well. So we are going to ask that you limit your oral 
presentations. If you can hold them to about ten minutes it would 
be appreciated. And we do have your prepared statements in their 
entirety, they will be made a part of this Congressional hearing. 

Certainly pur first witness today is no stranger to this subcom- 
mittee, she is a good friend of ours, she is a great person. She is 
representing the Department of Energy, Toni Joseph, and she is a 
Director of the Office of Field Operations Management, a very tal- 
ented lady. Ms. Joseph oversees both the University programs and 
the lab management programs, which includes the internships and 
the fellowship. We do welcome you to Chattanooga. Your entire 
statement will be made a part of the record, and Toni, please pro- 
ceed. 
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STATEMENT OF ANTOINETTE GRAYSON JOSEPH. DIRECTOR OF 
FIELD OPERATIONS MANAGEMENT, OFFICE OF ENERGY RE- 
SEARCH* U.S. DEPARTMENT OF ENERGY 

Ms. Joseph. Thank you, Madam Chairman and members of the 
Committee. 

I do appreciate the opportunity to appear before the Subcommit- 
tee to discuss the Department of Energy's science education pro- 
grams. Secretary Watkins sends you his regards. As you know, he 
has been personally involved in the area of training America's 
young people for some time. In his testimony before Congress, he 
stated his personal interest in and his commitment to making sig- 
nificantly greater progress in improving science education, espe- 
cially at the precollege level and especially for minorities and 
women. 

We in the Office of Energy Research in DOE are committed to 
our science education programs, which are a very important part of 
the Department's overall mission. Because of our unique laboratory 
resources, the Department has the ability to help nurture young 
scientific talent in this country in a very special way. We are also 
especially proud of the fine work being done here in Tennessee at 
Oak Ridge National Laboratory and at the Oak Ridge Associated 
Universities, As vou will hear from other witnesses today, they 
have some of the best programs in the Department's science educa- 
tion effort 

Based on the fan mail we receive about the Department's science 
education programs, both from students and from teacher partici- 
pants, the Laboratories are "awesome", the science is exciting and 
the people are wonderful. We are proud of our program and the 
people in the field who carry them out. 

Under the new Administration, we have a renewed sense of pur- 
pose and enthusiasm inspired by a Secretary who is dedicated to 
making a difference in science education. The Secretary has al- 
ready asked us to re-examine our current programs in science edu- 
cation to see what changes should be made to even more effectively 
involve DOE in the national effort to strengthen the Nation's sci- 
ence education system. 

I would like to comment only very briefly on some of the region- 
al outreach and volunteer activities going on across the country, 
since you have a number of witnesses today who are directly in- 
volved in these outstanding efforts. As you requested, I will also 
very briefly summarize the current programs sponsored by DOE in 
precollege and university-level science education. All of these pro- 
grams make effective use of the unique resources and capabilities 
of the Department's National Laboratories, both the energy re- 
search laboratories and the defense laboratories, and the affiliated 
university consortia. They have as a m^jor focus providing opportu- 
nities for hands-on research experiences, 

DOE has had a long tradition of concern and support for science 
education, going back to the very earliest days of the Atomic 
Energy Commission. 

The focus of DOE support has traditionally been at the graduate 
and postdoctoral levels through the funding of university research. 
This includes support for participation of 3,500 to 4,000 graduate 
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students in DOE research projects each year. In recent years, in- 
creased funding has also been provided for precoilege and under* 
graduate-level science education programs. 

Hie Department is acutely aware of the problems that Congress- 
woman Lloyd mentioned, and that continued progress in R&D 
strongly depends on the quality and the quantity of human re- 
sources that are available in the fields of science, mathematics and 
engineering. 

The current demographic trends portend a declining college en- 
rollment in areas that are critical to national competitiveness and 
to the DOE s mission. A concomitant trend shows a decline in the 
quality of science education in our schools and on U.S. student 
scores on international science achievement tests* Recognition of 
these problems, or as the Secretary calls them, challenges, has led 
the Department to broaden and to increase its efforts* 

The DOIi National Laboratories and research contractors are es- 
sentia! to the Department's programs and to its support for science 
education. The activities of these laboratories already cover a spec- 
trum of science education programs from elementary school to 
postdoctoral research. This spectrum includes outreach to young- 
sters to stimulate and nurture interest in science, special programs 
at the upper precoilege level to give students and their teachers a 
taste of 'live science' and intensive hands-on research experiences 
for university students and faculty, 

DOE support for science education includes a vast range of vol- 
unteer and informal assistance. Thousands of DOE-supported scien- 
tists and engineers volunteer to assist local schools and colleges in 
every region across the country, Over 200 informal volunteer-based 
science education activities, including in-house tours, visits and 
demonstrations at the laboratories for elementary school students 
and teachers, direct classroom instruction and assistance at local 
schools, science fair sponsorship and judging, teacher workshops, 
teacher institutes, research participation programs, and a number 
of special events for things such as the National Science and Tech- 
nology Week celebration, characterize the activities of the Labora- 
tories, 

Oak Ridge has outstanding efforts in these areas with inspiring 
acronyms like CHALLENGE; PALS, STRIVE and special targeted 
programs in support of the historically black colleges and universi- 
ties. 1 am sure you will hear about all of them in detail 

One of the unique efforts at Oak Ridge has an unpronounceable 
acronym. It is the Ecological and Physical Sciences Study Center, 
or EPSSC, which reaches students and teachers from elementary to 
junior high and high school, involving them in hands-on learning 
experiences in environmental science. I understand that over 9,000 
students and teachers from eight East Tennessee counties partici- 
pated in the Center's activities this year. 

Other outreach activities include DOE participation in the 
annual International Science and Engineering Fair, and the Presi- 
dent s Adopt-A-Sehool program. Saturday Morning Physics has 
been duplicated throughout laboratories and universities thanks to 
the initiatives of Leon Lederman at Fermi Laboratory. The Depart- 
ment also provides excess DO&owned laboratory research equip- 
ment to universities, colleges and other non-profit institutions. 
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DOE laboratories also provide a broad array of technical assistance 
and support, especially to small regional colleges and universities. 

The Department's current precollege science education programs 
focus on encouraging more young people to enter and to stay in the 
science and engineering manpower pipeline, and on strengthening 
the capabilities of precollege science teachers, which you expressed 
as one of the most important parts of our program, and also one of 
the newest, as well as on strengthening the capabilities of those 
teachers to motivate and to excite young students about the oppor- 
tunities and challenges of scientific and technical research. 

The prefreshman engineering program provides support for 
summer enrichment workshops on engineering and related subjects 
for women and minority seventh to tenth grade students. As the 
demographic data tells us, these will be by far, the majority of en- 
trants into the new work force in the year 2000. Over 2,000 stu- 
dents annually participate in PREP projects located at campuses 
across the country, which are jointly funded by the private sector. 

A high school student research apprenticeship program is carried 
out at many DOE National Laboratories and is designed to moti- 
vate freshman and sophomore minority high school students to 
pursue science or technical careers. 

The DOE high school science student honors research program 
provides selected science students an opportunity to participate in 
hands-on research at DOE laboratories. During the summer of 
1989, there will be seven honors programs with a total of 374 high 
school students. The one at Oak Ridge will concentrate on environ- 
mental research and since Al Trivel piece was one of the founders 
of the DOE program, I am sure that it will continue to be a big 
success at Oak Ridge. 

Under a program begun just last year, high school science and 
math teachers are now nominated by each State to participate in a 
special eight-week summer research program at selected DOE Na- 
tional Laboratories. 

Programs in support of undergraduate science education include 
the core undergraduate student summer research participation, the 
lab co-op program, the new science and engineering research se- 
mester for undergraduates and faculty and student research teams. 
They reach— these programs reach over 1,400 undergraduates each 
year. 

This long list of programs may give the impression of completely 
separate activities, but, in fact, with the recent establishment of 
science education centers at appropriate DOE laboratories, these 
activities are able to be integrated into a focused effort that sup- 
ports the broad range of science education aimed at increasing and 
improving future manpower resources in energy related areas. It 
still permits, and, in fact it improves, laboratory flexibility to in- 
clude special regional, local and unique efforts reflecting the capa- 
bilities and opportunities of the individual laboratories. We are 
very proud of what the Department has accomplished through its 
national research laboratories in science education. 
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As I said earlier, we are in the process of reevaluating our cur- 
rent science education programs and I look forward to hearing 
from you cud from the participants at this hearing about ways that 
the Department can do an even better job in the future to meet the 
Nation s challenges in science education. 

Thank you very much* 

[The prepared statement of Ms, Joseph follows:] 
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Nadaa Chalnssan and Members of the Subcostal t tee: 
Introduction 

I appreciate the opportunity to appear before the Subcommittee to discuss the 
Department of Energy's (DOE) science education progress. Secretary WatMns 
sends his greetings and* as you know, the Secretary has been personally 
Involved in the area of training America's young people for soc* t1ae. In his 
testimony before Congress, he stated his personal Interest in and coraaitaent 
to making significantly greater progress 1n Improving science education at the 
precollege level. The Secretary has asked us to reexamine our current 
pro£, aas in science education to see what changes should be made to even more 
effectively Involve DOE 1n the national effort to strengthen the Nation's 
science education system. 

I would like to comment on sowe of the regional outreach and 
volunteer activities going on across the country and summarize the current 
program sponsored by DOE in precollege and university-level science 
education. These programs make effective use of the unique resources and 
capabilities of the Department's national laboratories and affiliated 
university consortia. They have a:, a major focus providing opportunities for 
hands-on research experiences. 
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00£ has hid • 1or>9 tradition of concern and support for science education 
going back to the very earliest days of the Atomic Energy Commission (AEC), 
For example, AEC was one of the first Federal agencies to support graduate 
research fellowships in key scientific and engineering disciplines. Hany o«- 
today's scientific and technical leaders in the energy industry, the national 
laboratories and the university cwan«:nity began their research careers with 
graduate student support from the AEC. Hany of today's leaders in the 
civilian and defense -related nuculear sector also received their initial 
training in nuclear energy through AEC-supported training programs at Oak 
Ridge. This includes Secretary Watkins, The AEC supported undergraduate 
student summer research and related faculty research beginning in the late 
1950's, and initiated precollege student and teacher science education 
programs in 1962. 

The focus of DOE support for science education has traditionally been at the 
graduate and postdoctoral levels. The principal neans by which this is 
accomplished is through the support of university research which totals 
approximately $477 million in FY 1989, This includes support for the 
participation of 3500-4000 graduate students. In recent years, increased 
funding has also been provided for precollege and undergraduate- level science 
education programs. 
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DOE laboratories and Science Education 



The DOE national laboratories ami research contractors are central to the 
Department's programs and to Us support for science education. The potential 
of these laboratories to provide asjor assistance to preco liege and university 
science education has only been pirtially realized. The DOE laboratories form 
a national and regional network covering a spectrin of science education 
programs from elementary school to postdoctoral research. This spectrum 
Includes outreach to youngsters to stimulate and nurture Interest 1n science, 
special programs at the upper preco liege level to give students and their 
teachers a taste of "live science", and Intensive research experiences for 
university students and faculty. There are few places in this country which 
can equal the range of science education opportunities and resources that are 
available at a major DOE national laboratory— big science, disciplinary and 
muHidiscipHnary research, individual investigator and team research, all 
coupled with world-class scientific facilities, equipment and technical 
support resources. 



DOE support for science education includes both funded formal programs and a 
vast range of volunteer and informal assistance. Thousands of DDE-supported 
scientists and engineers volunteer to assist local schools and colleges in 
every region across the country. 



Outreach and Volunteerisa 
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In addition to the fonaal national DOE Initiatives funded by the University 
Research Support Program, there 1s • range of Informal, volunteer-based 
science education activities carried out by each DOE laboratory and research 
contractor. A re:ent survey Indicated that there were over 200 Individual 
precollege efforts involving thousands of teachers and students underway at 
23 DOE facilities. These efforts included In-house tours, visits and 
demonstrations at the laboratories for elementary school students and 
teachers, direct classroom instruction and assistance at local schools, 
science fair sponsorship and judging, teacher workshops and institutes, 
research participation prograis and a number of special events for the annual 
National Science and Technology Week celebration. Even retired DOE and 
contractor staff are resources in science education. Retirees from th< DOE 
Idaho National Engineering Laboratory serve as resource consultants and 
teaching associates in local schools in Southern Idaho. 

Each year DOE, along with many other Federal agencies and private companies, 
participates 1n the annual International Science and Engineering Fair. This 
Fair involves over 200 high school science students who have prepared exhibits 
on science-related research projects. DOE selects the top ten energy- related 
science exhibits and awards the winning students, along with their teachers, a 
week-long research and educational experience at a DOE national laboratory. 
In 19S9 the student winners will spend a week at the Idaho National 
Engineering Laboratory learning about the many exciting technical challenges 
in nuclear power technology. Three years ago, the program was held at Oak 
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Ridge National Laboratory. Based on the legislation which established the 
Atomic Energy Commission, DOE has the authority to grant title to excess 
DDE-owned laboratory research equipment to universities, colleges and other 
non-profit institutions. This program over the years has served as an 
ivortant source of laboratory equipment for many smaller colleges and 
predominantly minority institutions. The equipment is awarded on a 
•first-come, first-served" basis. It can be used by the receiving institution 
for either research or instructional purposes. Information on available 
equipment is provided on a monthly basis in both a printed catalog and on a 
dial-up computer information system. 

The DOE laboratories also provide a range of technical assistance and support 
to small regional colleges and universities. This can range from providing 
laboratory scientists as guest lecturers and adjunct faculty to advising on 
the set-up and maintenance of research equipment and instrumentation. The 
Argonne National Laboratory has established a Regional Instrumentation Center 
where faculty and students from Midwest colleges can come to Argonne to use 
certain specialized Instruments not normally found on many small campuses. 

A central organizational focus for DOE's formal support of precollege and 
undergraduate science education programs is provided by the Office of Energy 
Research's University Research Support Program, which is administered by my 
Office. In FT 1989 approximately $22 million will be provided through this 
prograa for precollege and undergraduate science education. 
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DOE Prgcojlggg Science Educa tion Programs 
The strength of DOE's precollate science education programs lies with the 
scientists and engineers who work for DOE In universities end ot the national 
laboratories. Exposing students and their teachers to "live science- 1n a 
research laboratory can Ignite the Interest and Intellectual curiosity of 
students and teachers. Even informal encounters with research scientists and 
engineers can be pivotal in stimulating young people to pursue careers in 
science and engineering. Therefore, the Department's current precollege 
science education programs focus on encouraging more young people to enter and 
stay in the science/engineering manpower pipeline. Equally important, It alms 
to strengthen the capabilities of precollege science teachers to motivate and 
excite young students about the opportunities and challenges of scientific and 
technical research. These programs are as follows: 

Prefreshmen Engineer inc. Program (PREP) : 

The PREP program provides support for summer enrichment workshops on 
engineering and related subjects for women and minority 7th-to-10th grade 
students. These workshops are conducted on-campus and provide the 
participants with pre -engineering enrichment experiences including laboratory 
work, field trips, career counselling and tutoring in mathematics. The 
overall purpose of PREP is to encourage the young participants to consider 
careers in engineering and related fields. Over 2000 students annually 
participate in PREP projects located at campuses across the country. 
Statistics indicate that over the years 60* of the student participants have 
historically enrolled in college-level engineering or science programs. Some 
individual PREP projects have reported that over 80* of their participants 
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have gone on to ©ajor In engineering or science In college. 
High School Student Research Apprenticeships: 

The Apprenticeship program is conducted it five DOT natloml laboratories and 
is designed to motivate freshmen and sophesore high school students to pursue 
scientific or technical careers. The Apprenticeship program centers on 
providing laboratory research experiences along with counselling and 
tutoring. About 230 students {over 90S are women and sinorities) are Involved 
in this progress each year at the participating laboratories. 

DOE High Schoo l Science S t udent Honors Research Proqr^a: 
Beginning in 1985, DOE has provided opportunities to the Nation's very best 
high school science students to participate in hands-on susmer research at DOE 
laboratories* Students are selected for this prestige 'onors Research 
Program by the Governors of their respective States % . needing Puertc Rico, 
American Samoa and the District of Columbia). During the stawer of 1989 there 
will be seven Honors Programs with a total of 371 students participating. 
Each of these Programs concentrates on a different area of science, such as: 
synchrotron radiation research (Brookhaven); life sciences and genetics 
(Lawrence Berkeley); supercomputers ami computational science (Lawrence 
Liveroore); environmental research (Oak Ridge); materials sciences including 
superconductivity (Argonne); particle physics (Ferwilab); and marine and 
seal -arid ecosystems (Pacific Northwest Laboratory). All of the forwr 
participants in the Honors Program have gone on to college. Over 75* are 
proposing to ftajor in science or engineering with the remainder split among 
law, business and aedicine. 
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Hiqh School Science Teachers Research Associ ates Frograw: 
High school science and »athematics teachers are nominated by each State to 
participate in a special eight week suawer research program at selected DOE 
national laboratories. We expect 150 science teachers 1n the program this 
sumaer. Each teacher mil serve as a participating mvtoer of a laboratory 
research team and will use this experience to develop supplemental materials 
and experiments for use 1n the classroes. Many of the teacher participants 
will also be awarded graduate-level credit by regional universities for 
participating in this program. 



The Department's support for undergraduate science education also 1s centered 
on providing students and faculty members with the opportunity to participate 
1n "hands-on" research at DOE facilities. Undergraduate students are 
particularly important since the experience of participating 1n 
state-of-the-art scientific research directly influences their specific 
career choices in scientific and technical fields. Specific programs in 
undergraduate science education are as follows: 

Undergraduate Student Sumer Research Participation Program: 
Each sunaer approximately 1100 undergraduate science and engineering students 
are competitively selected to spend a sumer conducting research at DOE 
laboratories and research facilities. About half of these participants are 
froa snail, predominantly undergraduate institutions. The students work as 
leobers of laboratory research teass, often in conjunction with university 
faculty ©embers. Student research assignments are carefully selected and 
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monitored to ensure they are meaningful and at in appropriate professional 
level. Evaluations of this program indicate that 90% of the participants go 
on to receive advanced degrees in science or engineering, and that 65X of the 
participants indicate that their research participation experience greatly 
influenced their choice of career specialiia?- ~, 

§?J en« and_ f ngijweri ng Research Semester for Underg ra duate s 
This program 1s a nationally competitive activity which provides semester- 
length research opportunities for junior and senior college students raajoring 
in science, mathematics or engineering. In FV 1989 over 300 students will 
participate in this program fro© universities and colleges across the country, 
wany of which are small non-doctoral degree institutions. Uch student 
participates in an on-going research program at the host laboratory and learns 
to use sophisticated, state-of-the-art scientific equipment. This program is 
especially beneficial for those students considering graduate study and 
research. 

FacultiZStu dent Research Teams : 

DOE encourages faculty members, particularly at smaller institutions, to spend 
a summer or an academic year conducting research at a DOE facility along with 
one or more of their undergraduate students. There will be thirty 
faculty/student research teams at five DOE laboratories this swsmr. These 
teaas are important links between DOE laboratories and individual colleges. 
Faculty members tend to return each summer to the laboratory to continue their 



ERLC 



20 



10- 



research bringing along a new group of students. Several campuses have made 
the faculty/student teas program a major recruiting point with prospective 
students. 

Future Expansion and Direction of DOE Science, Education Program* 
We are proud of what the Department has accomplished through its national 
research laboratories in science education. Me believe Me can do even more, 
both directly and in cooperation with the National Science Foundation and the 
Department of Education. As 1 stated at the outset of my testimony, we are in 
the process of reevaluating our current science education programs. Me will 
be making recommendations to the Secretary on possible changes in order to 
more effectively carry out the programs he believes will most successfully 
utilize the Department's resources in meeting the Nation's needs in science 
education. 

This concludes my testimony an«i i would be pleased to respond to your 
questions. 
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Honorabls John 5. Harrington 
Secretary of Energy 
Washington. D.C. 20585 



Dear Hr . Secretary: 



I em pU«Md to eubmit to you the Energy Raeearch Advisory Beard's report 
Sfilg QfiB iPfl jnalaaexl ng Bteirlon Thl» report, approved by the Board on 
jura 15, 1983, Is a result of your request for the Board to review the 
activities of the Department In education In ordor to enaure that DOE is 
ploying it. proper role to meet lte own projected manpower needs and to wrl 
closely with tho othor fodoroi ogoncloo and tho private aector in tho support 
of scientific and technical education and training. 

The Board found that the Department of Energy has a continuing, critical 
requirement for a broad spectrin of highly educated and tr«lned sclent lata, 
englnesrs. and technicians, and that DOE needs to continue end to strengthen 
its rols in the education and training of these human resources In this 
context the Board found that DOB has established a clear leederahlp role in 
graduate and postdoctoral education in aany fields of science and engineering 
Important to its primary Mission in energy research and development, end that 
this program also Bakes a great contribution to other science -based, 
high- technology industries so vltsl to our economic strength, and especielly 
to our international competitiveness. 

The Board concluded that DOE's grestest contribution to science end 
engineering education is in its support of research in the universities, end 
in bringing the university professors snd students into closs versing 
relationship with the DOB labors tor lea and enargy- industry professionals. 
The Board Celt that this sffort needs to he continually updated end 
etrangthened . 

The Board also concluded that the very strength of the DOE laboratories 
in frontier research give then unique capabilities to conduct special Program* 
in prscollsgs education. Tbses range from DOB laboratory institutes conducted 
in the s umme r for secondary school teachers and interested high-school 
students, to e applying literature and videoa about the energy sciences to 
elementary and secondary schools, to participating in lectures end other 
programs to educate the public on science snd technology issues pertinent to 
national and international energy options. Ihs Board applauded these efforts 
Xn strengthening the Department 'a precollege education program, the Board 
recommended that special emphasis be given to enhancing the knowledge, •* lllB ' 
underetandlng snd science Interest of science teechers et the secondary level 
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aud of elementary -school teechere Wmw of the ewltiplier effect on* good 
teecher can have on aonjr students. 

Hors can bo done to strengthen the hMsaui resource pool. Continuing 
education and t mining oF scientists, •^inr»r», and technicians is on* 
important nay. Anothar way i* spa*'** progres* chat encourage *o»en and 
underrepressnted alnoritiee to antat and pursue careers In science ana 
engineering. Private ceayenie* involved in energy -related buaine.ee. can a*so 
ito auch to support science and engineering education. For esaaple, they can 
conduct in-houee educational program; donata u**d equipwmt to educational 
institution*; help local high school., collage* and universities iaprov* their 
energy- related teaching aateri.i. end curricula; and provide P»^-ti»e _ 
eaployaent to teechere dividing their tie* betaken pre col lege teaching and ^ 
work. The Board recoeasenda that DOB should actively encourage such efforts. 

I hope that you find this report interesting and useful- We look forward 
to your response. We also wish to express our thanks to the staff at the 
itapertaent for their dedicated assistance and cooperation in its preparation. 
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John H. Schoettler, Chairaen 
Energy Research Advisory Board 
U.S. Department of Energy 
Washington, D.C. 20585 



Dear John: 



I *a pleased Co subalt to you tho report "Selene* and Engineering 
Education" developed by tho Education Panal. The report reviews tho 
Dapartavnt of Energy's sctlvitiee in oducatlon and aakss racossssndatlena to 
anaura that tha Department is playing ita proper role via -a- vis other Federal 
agencies eu*l the private sector. 

Tha Panel, in public eastings, hoard fro* senior officials within the 
Department of Energy and the National Laboratories, other Federal agencies, 
and professional societies iH associations concerned with scientific and 
technical education in the united States. We benefited froa their 
contributions and hope that their views era accurately reflected in this 
r sport. 

X wish to thank tha Members of the Panel and ita ataff for their diligent 
work and assisting dedication. 1 hope the Department finds this r sport 
useful. 

Sincerely, 

Mildred Draaaelhaua 
Chairman, Education Panel 
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ABSTRACT 

The report is ■ result of the request by the Secretary of Energy, In 
February, 1987, for the Energy Research Advisory Board to review the 
activities of the Department of Energy In science end engineering education to 
ensure that DOE is playing its proper role to meet both its ovn 
project manpower needs as veil as to work closely with the other federal 
agencies and the private sector in the support of scientific and technical 
education and training. 

The report describes the problems the Department is likely to encounter 
in the next several years in nee ting its demand for highly talented snd 
skilled scientists, engineers, and technicians, and concludes that without 
intervention now to ensure an adequate future manpower supply, the Department 
is unlikely to achieve its missions in energy and defense R&D. The efforts 
that DOE has made over the past few years to strengthen its science education 
programs, especially in the undergraduate and preco liege trees, are discussed 
and opportunities for further strengthening these programs are identified. 

The report recommends that DOE continue to emphasise its educational 
mission primarily through support of graduate students and postdoctoral 
fellows through university grants and contracts which simultaneously serve the 
research mission of the Department. An appropriate increase in support 
is recommended through a targeted expansion of graduate and postdoctoral 
research fellowships programs in areas of greatest human resource shortages. 
The report suggests that the Department increase support for undergraduate 
research opportunities through existing programs at the DOE laboratories and 
as part of on - campus research grants and contracts. 

At the precollego level, the report recommends that DOE target its 
efforts where it can realise the greatest impact, namely by providing teachers 
with opportunities for research participation to enhance their science 
backgrounds and their instructional strategics. Programs are also recommended 
to enhance the training of new science teachers and to provide opportunities 
for joint teaching and research participation careers. 

The report notes that minorities and women are under represented in 
science and engineering and recommends that DOE support increased 
participation In science education programs at all levels, precollege through 
postdoctoral . 

The report also recommends that DOE maintain a strong continuing 
education programs at its national laboratories, permit participation by local 
industries, and encourage private companies Involved In energy- related 
businesses to do more to support science and engineering education. 
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EXECUTIVE SOIUSY 



The U.S. Is faced with a disturbing decline in the quality and quantity 
of students preparing for careers in science and engineering. Consequently, 
the supply of a broad spectrum of highly educated and trained scientists, 
engineers, and technicians to carry out the mission of the Be per toe nt of 
energy (DOE) in energy and defense R&D la jeopardized. To reverse this trend, 
the DOE Ms been strengthening its role in the education end trelning of 
scientific and engineering personnel. The Panel commends the DOE for 
developing progress ranging across all levels, frosi precollege through 
post -doctoral education. Nevertheless, the decline in available human 
resources in science and engineering continues and the predicted shortfall 
represents a serious future problem Therefore, the DOE oust strengthen its 
education efforts consistent with its mission, taking advantage of the unique 
facilities and personnel available through the national laboratories. 

The DOE's greetest contribution to science and engineering education is 
through support of graduate and post" doctoral research by funding 
university -based research progress and selected fellowship progress , The DOE 
and Its predecessor agencies have established a leadership role at this 
education level in aany fields of science and engineering isportent to its 
primary aission in energy research and development. These graduate activities 
*lso sake a great contribution to other science -based, high technology 
industries vital to our economic strength and our international 
competitiveness . 

The vitality of these graduate and post -doctoral progress require" a 
steady stress of talented undergraduate students cossitted to science and 
engineering. Thus the Panel recognises the importance of attracting young 
people at the undergraduate level so that they will pursue science and 
engineering graduate progress of special Interest to the DOE. As i stimulus 
to the pursuit of scientific and technical careers. DOE, through its national 
laboratories, conducts a nuaber of progress which provide undergrsduate 
students with "hands on" research experience. These progress have proven to 
he an excellent vehicle for encouraging undergraduates to undertake graduate 
studies in science and engineering. 

To increase the quality and quantity of science and engineering 
mder graduates , the Depertsent also supports precollege education progress 
aimed at enhancing the knowledge base and gene r el scientific literacy of all 
students and targeting those students who demonstrate potential and commitment 
tor continued education in science and engineering. The strength of the 
Depertsent' s precollege programs lias in the DOE Isborstories , staff and 
r aciXlties which, b v exposing students and teachers to "live science* in e 
laboratory setting, can Ignite the intellectual curiosity of the students and 
levitallss the cepabilltles of their teachers. 

The Panel believes that a healthy precollege science and sathesatlcs 
education system is sssentiel to the DOE's mission. However, because the 
rreco liege education system is huge, the DOE cannot expect and should not 
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■Ion* cry *o Influence the entire system. DOE cum help by working closely 
with Industry, oth»r federal agencies, end state and local g o v er nm ents to 
Improve the system with steady, reliable and encouraging support. 

Thle combination of programs , spasming the praeollege through 
post-doctoral levels, encouregee and sustains students* interest in pursuing 
science and engineering careers. To ensure a reliable supply of human 
reeourcee, these progress oust be lnitieted eerly In the educational 
experience end must Include women and silnorlty groups which have been 
traditionally underrprmsented in science end engineering. 

In recognition of DOE'e mission and existing progress , the unique 
resources of the laboratories, and the external factors reletlng to trends in 
human resource supply, the Panel recommends the following to Increase DOE* s 
lapse f on science and engineering education: 

o DOE oust continue to emphasise its educational mission primarily 
through support of graduate students and postdoctoral fellows 
through university grants end contracts which si so serve the 
reeearch mission of the Department . 

o DOE should Increase support through expansion of the targeted 

graduate end postdoctoral research fellowship programs with emphasis 
given to energy- re le ted erees of greatest projected human resource 
shortagss . 

o DOE should Increase support for undergreduste research opportunities 
through the Laboratory Cooperative and Science Engineering Resserch 
Semester programs and through DOE -sponsored university -based 
reeeerch programs. 

o At the precollege level, DOE ehould terget its efforts where it can 
reelise the greatest impact, namely by providing opportunities for 
research participation by pre- and In-aervlce t sectors so enhance 
their eclence background and their instructional capabilities. In 
this wsy, DOE can improve the quality of pre col legs eclence teechers 
and thus strengthen the national science and engineering relent 
pool. 

o DOE ehould emphasise the participation of underrep resented 

minorities and woman in programs at all lsvele, precollege through 
post -doctoral. 

o DOE should saints In strong continuing education programs at the DOE 
national laboretories and permit participation by local industrlss. 
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A, Introduction 

At the request of the Secretary of Energy (Appendix A), the Energy 
Research Advisory Board (ERAS) reviewed the Department of Energy' a (DOE) 
activities in education to ensure that DOE is indeed playing its proper role 
vis-a-vls other federal agenclei and the private sector in the support of 
scientific and technical education and training in the United States, 
Specifically, the Secretary asked the Board to address the fol loving key 
questions : 

Do the current education and training progress of DOE address the right 
needs and are they effectively coordinated? 

Is DOE taking full advantage of the resources and capabilities of the 
national laboratories in the support of education and training? 

Whet responsibilities and Bechanistss are appropriate for the Department 
in the support of elementary and secondary science education, of 
undergraduate and graduate students, of postdoctoral researchers, and of 
the general (non- science) public? 

Should the Department provide support for undergraduate and graduate 
research fellowships in energy manpower areas designated in short supply? 

In response to the Secretary's request, the Board established a Panel on 
: VE Science Education Progress. The Panel, composed of Board aeabers and 
t ^present at Ives of the education community, conducted a general review of the 
current education programs of the DOE and of its predecessor agencies. 

The Panel further solicited comments on OOE's science education programs 
£ com university presidents, deans of education, selected scientists snd 
engineers, heads of major scientific research and professional societies, and 
! rom organizations and societies representing precollege science teachers to 
Stain their perspectives on DO£'s education related progress. Highlights of 
t'te responses to the survey are included as Appendix B. 

Ouring its several meetings, the Panel heard presentations on science 
education prograas in other federal agencies, including the National Scfence 
- oundation (NSF), the Department of Defense, the Department of Education* 
Jie National Institutes of Health (NIK) . and the National Aeronautics and 
'.oace Administration. Presentations were also sade on current snd proposed 
wience education programs in the DOE national laboratories and on the role of 
diversity consortia in these programs. Human resource specialists and 
representatives of science teaching and research organizations also provided 
input. Panel meeting agendas, which include i caplete list of these 
presentations, are included as Appendix C. The responses to Panel inquiries 
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and presentations at Panel Bastings hava baen carefully reviewed by the Panel 
and a synthesis of the information thus obtained has been incorporated in the 
report aa Appendix B. 

The Panel's report is structured «■ follow*. The fir at chapter provide* 
background for this study, including DOS'* currant role in education and a 
summary of DOE actions taken as a result of the previous oversight report in 
1964.1/ The chapter concludes with an analysis of human resource needs and 
discusses Interventions in the present educational process that could have a 
significant lapse t on upgrading the national program of science and 
engineering education. The second, third, and fourth chapters consider 
university programs, precollcgc progress , and public awareness and continuing 
education programs, respectively, and provide appropriate recommendations. 

Throughout the report, the term science education is meant to Include 
mathematics, engineering and technology as veil aa education in the physical 
and life sciences, unless otherwise noted. Physical sciences include physics, 
chemistry, mathematics, computer science, earth and materials sciences, while 
life sciencea include biology, agricultural and medical science*. 

B. Previous Oversight 

In 1986, the Whit* House Science Council published a report entitled. A 
Renewefl tM^Ximxahisxl/ The report emphasised the importance of educational 
institutions to the nation*! interest because they produce the scientific and 
technical talent essential for our nation's *uturc. The report further 
emphasized that the Nation is failing to attract sufficient numbers of 
talented 13. S . citizens, especially women and minorities but also white males, 
into advanced education in science and engineering. The Council recommended 
that the federal research agencies substantially Increase investments in 
colleges and universities because " . . . universities today simply cannot 
respond to society's expectations for them or discharge their national 
responsibilities in research and education without substantially increased 
support (p. 3).* 

In 1983, ERAB sssessed the DOE's overall relationships with the 
university community. The resulting report, An Assessment of the Relationship 
Between the Department of Energy and Uni versities and Colleges (DOE/S-0025) , 
analyzed seven major issues and concerns affecting the overall relationships 
between DOE and the academic coomunlty, inclwditig education and training. 
ERAB addressed primarily the Department's responsibilities at the university 
level and did not make recommendations on precollege level activities and 



1/ An Assessment of the Relationship Between the fifpartn^nt of Energy 

and Universities and Calluses (DOE/S-0025) . 

2/ A Renewed Partnership. Report of the White House Science Council 

Panel on the Health of u.s. Colleges and Universities, chaired by David 
Packard and 0. Allan Bromley, 1986. 
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piograms. ERAS' s principal rccoexs* mixtion for education was that the DOE 
should "explicitly reaffirm It* responsibilities to help ensure that 
sufficient numbers of highly qualified scientists end engineers ere available 
*c meet currsnt snd future net ions 1 energy R&D needs (page 25) . m ERAfl 
specifically noted that the prists ry focus of DOE'e support 'for professions! 
human resource development should be "quality, not quantity." (p. 27) 

A wore recent DOE report, University Research end Scientific Education 
Programs of the U.S. DepertteeTit of EPfllg (DQB/ER-0296, September 1986) 
addresses the nutuslly beneficial partnership between the federal government 
*nd the university research cosnronlty in developing new knowledge end 
educating the nation's future scientists snd engineers for csreers In research 
and development. The report ii a valuable sissnary of DOE's current activities 
in science snd engineering education . 

C. BBS's Current Bole in Education 

1. Missions, Resources, and Legislative Authority 

The sissions of the U.S. Department of Energy include support of bast** 
scsearch to broaden the nation's scientific knowledge base; development of 

• *rgy technologies to help provide the nation with a slued and balanced 
e.iergy supply ays tea; and national security responsibilities. 

Collectively, the Department of Energy represents a aignificant 
i > vestment In federal support for scientific research snd development • - In 
rv 88, $13 billion In budget authority including $6 billion in scientific snd 

• M^lneering research. To carry out Its missions, DOE Is both a user and « 
;atron of a large portion of the nation's scientists and engineers. It 

• »oprlses a complex of over 50 contractor -operated resesrch laboratories 
tTiploying in excess of 135.000 people vithin the complex which has a total 
. ivlacement: cost of veil over $50 billion. Vithin this complex, nine 

' 'Itiprogram national laboratories and thirty specialised leborateriei csrry 
v<t such of the fundamental scientific research and energy technology R&D of 
•**e DOE and all of the nuclear weapons- related resesrch snd development 
/J ?se latter facilities sccount for slightly more than 40 percent of the 
JH»n*rtment'e total field budget and employ over 60,000 people, ftore than half 

• these employees ere scientists » engineers, and technicians. The DOE, 
it-rough its national laboratory and university contractors, is responsible for 
<h* conduct of research in almost every scientific and technical discipline 

The DOE has vast resources: human resources, research snd development 
iherstorles, institutional capabilities, funding, and leadership. Leading 
r search scientists In nuclear physics, high-energy physics, chemistry, 
tiology , and materials science, among others , are employed in the vorld-class 
»,OE resesrch laboratories. Equally outstanding ere the engineers uorki on 
• energy technologies as veil as the builders of high-energy scceleretors , 



X/ DOE's 1986 Annual Report to Congress, p. 2 
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fission reactors, fusion reactors, superconducting magnets, synchrotron light 
sources, particle detectors, and a host of ancillary devices. A steady flow 
of new, veil trained, highly crrntivp scientists and engineers is essential if 
the Department is to continue t> sect its mission responsibilities as 
si'TCessruily as it has in the past. 

DOE has specific legislative authority to conduct education* related 
activities. The Energy Research and Development Administration Act of 1974 
requires the agency to sponsor and assist in education and training activities 
to help assure an adequate supply of human resources for energy RM> programs 
{Public Lav Section 101 (11)]. The DOE Organization Act of 1977 

specifically directs the Office of Energy Research to be the principal advisor 
to the Secretary of Energy on education and training activities required to 
support the short- and long-term basic and applied research activities of the 
Department [Public Lav 9^-91. Section 209. b (4) J. The Office of Energy 
Research has traditionally taken t e lead in providing both direct support for 
science education activities as veil as in encouraging other DOE program 
offices to support education activities related to their own programmatic 
sctivlt >s . The Director of the Office of Energy Research periodically 
reports to the Secretary of Energy on university and other education- related 
activities carried out by DOE and its laboratories. 

Many top- flight scientists and engineers in universities and industries 
are closely associated with the work in DOE laboratories. Perhaps DOE's 
greatest contribution to education is in providing this link between 
universities and the laboratories, enabling many university professors and 
their graduate and undergraduate students to participate directly in research. 
This unique opportunity to perform research, when combined with formal 
classroom instruction, is invaluable to aspiring research scientists. The 
Panel believes this intertwining of universities with DOE laboratories has 
greatly advanced both scientific research and education in America. 

2. Current Activities 

The main focus of DOE's science education programs has been traditionally 
at the graduate and postdoctoral levels. However, DOE's current sci*>,tce 
education programs range across all education levels, from precollege to 
post-graduate. Appendix D summarizes the current range of DOE education 
activities, while Appendix E provides additional information on the precollege 



The principal means by which the Department supports education is through 
the support of researchers at or associated with universities and colleges. 
In Ff 1987 the Department supported more than 3500 individual university 
research contracts and grants totaling about $330 aillion. These awards 
contribute directly to education by involving graduate, postdoctoral, and 
undergraduate students In DOE -sponsored research. 

DOE has taken several initiatives to strengthen its overall relationships 
with the university community as a result of ERAB's advice to the Secretary in 
1983 on DOE- university relations, Two steps were taken which had immediate 
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relevance for education and support of human resource development , (A sumaary 
of the status of recommendations is included as Appendix F. ) 

First, the Secretary of Energy signed in August. 1984 a policy statement 
on DOE- university relationships that, among other things, explicitly endorsed 
DOE's role to ercourage and support the involvement cf students in each 
research and technology developaent program both to aeet the DOE's own near- 
and long-term needs and to invest in the nation's new scientific and technical 
human resources. 

Second, DOE initiated a scries of budget increases for the DOE Laboratory 
Cooperative Program, the principal prograa activity directed at building 
research and educational bridges between the Department's national 
laboratories and the university community {see Chapter II). The budget for 
this program has grown from $3.5 million in Fi 1934 to more than $9 million in 
FY 1989. with a corresponding increase in the number of students and faculty 
members involved in laboratory -sponsored research and education programs. 

DOE also provides substantial support to education through the programs 
and resources of its sajor national laboratories and research facilities. 
Research laboratories and facilities at the national laboratories are heavily 
used by university scientists and students, e.g., the Fermi National 
Accelerator Laboratory, Brookhaven' s National Synchrotron Light Source, and 
Argonne's Intense Pulsed Neutron Source. 

In the last two years, DOE has initiated additional science education 
programs. These include the establishment of the DOE High School Science 
Student Honors Research Program and of Science Education Centers at five 
aultiprogram energy research laboratories, as well as increased support for 
high school science teacher research ard instructional programs at the DOE 
laboratories. 

Aside froa the support provided for graduate and postdoctoral research, 
direct funding by the DOE for science education activities at all levels was 
approximately $15 million in FY 1987. Table 1 provides s breakdown of this 
support at the various levels. In addition to $15 ail lion in direct funding, 
there is a significant amount of volunteer or "In kind* efforts taking place 
at the Department's lavatories, often involving individual (or groups of) 
scientists and engineers working with students and teachers in local or 
regional schools and unive^sitl-* . it ahould be noted that the cost of the 
present precollege program <$1.3M) i» a small fraction of the science 
education program summarized In Table 1 ($15N) and a very small fraction of 
the total education program ($360M) obtained by jumming Table 1 (p. 8) and 
Table 2 (p. 9). Therefore a substantial funding Increase in precollege 
education would have little impact on the total education budget. 

Programs for students and teachers at all levels of the educational 
system are conducted in laboratories widely dispersed geographically across 
the nation A Hat of DOE's science and engineering education programs, both 
university-based and those at the DOE laboratories and research facilities may 
be found In Appendix D. Coordination of these DOE education activities 
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TABLE 1 

DRPASTTTOWT OF ENERGY 
CURRENT SCIENCE EDUCATION PROGRAMS : X/ 
FY 198S 



PROGRAM CATHCORlgS/I ^SCailFTiatS 

I«mViDttALS/CROUPS 

A , FRECOLLEGE 

1. Minority Student Research Appren ceship 
7, DOE High School Student Honors Research 
3. Pre freshmen Engineering Program (rTEti 
U. PreroUege Science Teacher Research/Tra ning 
V Laboratory Technical Assistants to Precollege 
Schools 



FUNDING 
LEVEL 
Lg..Ifl-g&l 



120 
bM) 
300 
2S0 
N/A 



NUMBER OF 
PART I CI PACTS 



200 
260 
2,000 

*o 

N/A 



B UNDERGRADUATE 

1. Research Internships at OOF Laboratories 

2. Science & Engineering Research Seapster (SERS) 

C. GRADUATE STUDENTS 

1 Graduate Research Appointsrnts at DOE Labs 

D. UNIVERSITY FACULTY 

1, Minority Institution Faculty Research 

2 Faculty Research Appoint rants at DOE Uib* 

3 Short Courses/Institutes for Faculty 

E POSTDOCTORAL RESEARCHERS 

I Postdoctoral Research Appointments 

II. INSTITUTIONAL SUPPORT 



$1,400 
600 



§2,000 



53,000 
2,M)0 
*>00 



N/A 



J ,000 
120 



3*0(F.ST) 



45<EST) 
200 300 
l.OOO(EST) 



72b(EST> 



MINORITY INSTITUTIONS 
1 Minority Institution Research Travel $ 300 

2. Cooperative Research Programs with DOE Labs 2,500 

3. Minority Educational Institutions Assistance 1 , *>00 

Progr&a 



?00(EST) 
N/A 
8 projects 



111 



OTHER 



CAREER PLANNING WORKSHOPS 



300 ( EST) 



TOTAL 



$15.^20 



1/ Does not include DOE on caatpus research involving faculty h graduate students 
<$410M est lasted levsl in FY 1988) 
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TAftLK 2 



DOS SUPPORT FOB I^lWm RESEARCH ARD OTVKLDPWWT A8D 
ASSOCIATED G1APKATE AND POSTD0CT0KAL EDCCATION<a) 



4 



(1) 


(2) 


(3) 


(4) 


<*) 


(6) 


Office 


Research 
Ares 


University 
Support <b) 
(in H $) 


0 Graduate 
Students 


# Postdoctoral 
(c) Fellows (c) 


<3?/{4) 
(in K $) 


Energy Research 


Basic Energy 

Sc lences 
High Energy 

Physics 
Nuclear Physics 
Hagnstic Fusion 
Biologies! end 

Environment 


102 

Op . 5 

35 8 
44.5 
32 


31 98 
1420 

670 

5 / / 

331 
320-680 


300 
?2i>* 

30 
80 


88 

>2 

102 
134 


Foeeil Energy 




26 






-80 


Conservation 6 
Renewable Energy 




24 


300 




-80 


Defense 




n 


163 


N/A 


-80 


Nuclear Energy 




1.5 


1? . 


N/A 


















347.3 


4005 


-72S 
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* includes both High Energy Physics snd Nuclsar Physics. 

(a) In coapilins the date in this table, the psnel attempted to separate DOE on-csapus direct funding with 
support provided to the POE laboratories for faulty and student research and training, Therefore, the 
mamber of graduate students and postdoctoral fellows refers to university-bassd researchers. 



<b> FY 198/ operating and capital equipment provided to university based p*rforacrs- 

BEST COa^Y AVAILABLE 



(e) Thsaa ere the greduete And postdoctoral students supportad At universities. In Addition, graduate And 
postdoctoral students ire Also eupportad At the DOB laboratory sites by the Office of Energy Research. 
This includes 700 graduate students At the Lawrence Berks ley Uboretory, 115 At the Aaes laboratory 
(lows State), 1X1 At the Argt *na NAtionAl Laboratory. 105 At the Srookheven NAtionel Uboratory. 21 At 
the Stenford Synchrotron Radiation laboratory, end additional students At other sites. The total nuabar 
of DOE laboratory -ha*sd poatdoc torsi fellows supported by the Office of Energy fie search is 100 at the 
Argonne Rational Uboretory, 57 at the grookhaven National Laboratory. 80 At the Lawrence Berkalsy 
laboratory, end 45 At the Oak Ridge NAtionel Uboretory. The nuaber of greduats students supported in 
this program is a* t lata tad by aa a using 12.5 graduate etudents per million dollars of support. 



42 



principally occurs at the staff level through Informal working groups end 
staff levsl discussions of education programs, opportunities, interests end 
needs. 

0. Developing Hussm Resources 

1. Emerging Problem in the U.S. 

The Panel Is disturbed by trends in contemporary and future human 
resource needs in relation to both the quality and quantity of the supply of 
science and engineering tslent. Fro* numerous reports and other source 
Materials examined by the Panel, it is evident that the IKS. la faced with a 
declining number of individuals prepared to participate in the science and 
engineering activities of this nation. Also evident is the diminished quality 
in the performance of those being schooled or trained in science and 
mathematics, particularly at the precollege level, V 

Human resource needs are increasing three tires faster in science and 
engineering than in areas such as business and lav. Th* need is greatest in 
engineering, mathematics, computer sciences, cheaistry and physics as compared 
to the social and life sciences. 2/ The following provide indicators of 
current trends; fi/Z/fi/ 

- Data from the national Science Foundation indicate that if present 
trends continue, by the year 2000 there will be over 100,000 fever 
graduates with bachelors degrees in science and engineering thin there 
were in 1984. 

" As a result of low birth rates in the past 10 to 15 years, the number 
of school-age citizens is declining. At the same time, this group is 
increasingly non-white. Minority students are now the aajority in 25 
of the nation's largest school districts. Nationwide, ainorities 



4/ "Science Achievement in Seventeen Countries: A Preliminary Report." 

International Association for thp Evaluation of Educational Achievement (IAE) , 



5/ Vetter, Betty M. , atatenent before the Joint Economic Coamittee, 

U.S. Congress, December 11, 1987. 

V National Science Foundation, Data . Book. 

2/ Vetter, Betty K. , statement during aeetlng of Education Panel, 

Energy Research Advisory Board, Forrestsl Building, U.S. Department of Energy 
Washington, D.C, , October 19S7. 

£7 MliTUrlna Science and Engineering: Talent: A Discussion fag e r , 

Symposium held at Franklin Institute, Philadelphia. Produced by the 
Government -University Research Round tab la, July 1987. 
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will apon wki up 30 percent or more of the total school -age 
population. 

« Traditionally, white sales have been the primary huaan reaourca for 
seating national needs in science ami engineering. However, the ntesber 
of white Bales timing degrees in all science and engineering fields is 
decreasing. Therefore, as wore white sales choose not to study science 
and engineering, we will be looking increasingly to minorities and 
women to fill the gap. 

- While the masher of minority graduates with bachelor a in science end 
engineering increased slight 1 ? in 19S6, the number of doctoral awards 
to all minorities decrease by 15 percent from a very small base 
nuaber. In 1986, Ph.D.* in engineering were awarded to six Aaerican 
Indians, 14 Blacks and 25 Hlspanlcs. 

- Along with most olnorities, women have been virtually unrepresented In 
certain science and engineering fields and have been under represented 
in nearly all such fields. At all degree levels and In all science and 
engineering fields, the number of women earning degrees has increased 
in the past decade while the number of men earning degrees has 
decreased. However, in many fields the increase In the number of women 
does not make up for the decrease in the number of men. Since 1984. 
the number of women obtaining advanced degrees in science and 
engineering has leveled off as they move increasingly Into business, 
law, and other nontraditlonal areaa. 

- Foreign graduate students comprise more than 50 percent of the 
enrollment of our graduate schools in many technical areas. The number 
of advanced degrees in science and engineering awarded to foreign 
students on temporary visas has increased sharply over the last decade 
and continues to Increase. In 1985, foreign students earned four times 
as many doctorates In science and engineering fields as did all U,S . 
minorities and U.S. women combined. The U.S. relies increasingly on 
foreign graduates to fill research and teaching vacancies in some 
university departments, and, In some technical areas, to fill positions 
In industry and in government laboratories. 

- Although foreign graduate students constitute an important component of 
our technical huaan resource pool, they are ineligible to fill certain 
positions in high technology fields requiring security clearance. The 
pressure to staff such positions esphaslzes the critical need for an 
adequate supply of graduates who are U.S. citizens. 

the Panel concludes that without further attention to their educational 
needs and choices, U.S. students of both sexes and of most racial and ethnic 
groups will continue to decrease their participation In sc lance and 
engineering pursuits. Thus, the flow of new science and engineering talent 
will diminish. Unless set ion is taken now to develop human resources among all 
segments of our society, tapping especially thoae eegments that have been 
traditionally undarrepresented , the DOE and other research-based agendas will 
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not have an adequate pool of scientific and engineering talent available to 
«aat projected need*. 

2. Stronger Foreign Competition. 

The value of a well educated vork force cannot be overestimated. The 
greater emphasis given by seae of our economic competitors to the development 
of their human resources contributes to higher quality, more reliable, and 
lover coat foreign products.?/ If the United States Is to maintain, let 
alone Improve, lte standard of living and quality of life, the U.S. mill have 
to compete with foreign countries, in Isrge part, on the basis of its 
technological advantage. Tomorrow's desirable Jobs will require increased 
technical knowledge end skills on the part of the vork force to operete the 
sophisticated plants end factories of the future. Tomorrow's workers will 
need to be able to adapt readily to changes in technologies , and retraining 
programs will require creative new approaches and considerable investment. 

The Panel notes that a report by the International Association for the 
Evaluation of Educational Achievement 10/ indicates that American pupils 
consistently scored in the bottom half in general science, biology, chemistry, 
and physics when compared to high school students from 17 other countries. In 
the U.S.* only 57 percent of high school students are enrolled in science 
courses in any given year and less than 80 percent of American students 
complete secondary school. The following selected indicators provide a 
troubling comparison with other countries: 11/ 

* In the USSR and Eastern Europe, approximately 96 percent of students 
complete the precollege program and all students study science and 
mathematics each year (mathematics for ten years, physics for five 
years, and chemistry and biology for four years.) 

- In the United Kingdom, Western Europe and Australia, atudenta study 
biology, chemistry, physics and mathematics concurrently during the 
last three years of secondary school. 

- In Japan, 92 percent of students complete precollege education. At the 
upper secondary level, all students take a minimum of 2 years of 
science and 2 years of mathematics. College bound students take 



£/ Drucksr, Peter, "The Changed World Economy,** from Foreign Affairs. 

Published by the Council on Foreign Relations, Inc., Vol 64, No. 6. 1986. 

107 "Science Achievement in Seventeen Countries: A Preliminary Report." 
International Association for the Evaluation of Educational Achievement 
(IAEA). 1988. 

11/ Gardner, ftajorie H., Statement before the Subcommittee on Science, 
Research and Technology, Committee on Space, Science and Technology, U.S. 
Mouse of Representatives. March, 1988, p. 5-6. 
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aatheaatlcfi every year (through beginning celculue), plus physics, 
cheaistry, biology end earth science, often concurrently. 

- In Chine, the world's largest school system, UN-re is a nee national 
unified science curriculum and new textbooks. All students are 
required to take physics, chemistry and biology In elddle school*. 

- In Thailand, a developing country, science end aatheaatics ere taught 
every year froe flrat through twelfth grade* All high achoola 
acadealc, vocational, coaaerclal end fine arte «- teach science through 
twelfth grade. AH science course* are laboratory -baaed. 

To exacerbate further the problee of preco liege science educetlon, e 
severe shortage of fully qualified, preco liege science teachers exists In the 
nation. The pool of qualified aclence teachers Is far too ssull to s»et 
current needs. Various stud lee find that we are failing to attract enough new 
teachers, and equally important, we are felling to inspire, educate, and keep 
current those teachers we do have. Selected excerpts froe the reports 
reviewed by the Panel are the following indicators: IZ/U/lk/ 

- Preliminary results froa a nationwide survey by the Council of State 
Science Supervisors, currently under way, indicate that science teacher 
shortages exist in 24 of 25 states reporting so far. Physics teachers 
are in the shortest supply, followed by cheats try and aatheaatics .li/ 

- The average age of high school cheaistry and physics teachers in 1986 
wss near 50 years, this Beans that aany of the current c less roc* 
teachers are nee ring rati resent. At the other end of the pipeline, any 
teacher training institution chat can boast as aany as one or two 
physics or cheaistry education aajors per year is unusual. 

• Zn 1986, there wer« 7,100 high schools that did not teach a single 
physics course because they did not have a qualified teacher. About 
4,200 schools did nor have a cheaistry course; and 1,900 schools did 
not provide biology for their students. In 1986 also, 66 percent of the 



12/ "Report of the 1985-86 National Survey of Science and Matheaatics 
Education*. Research Triangle Institute, Koveaber 1987. 

12/ "Survey Analysis of U.S. Public and Private High Schools: 1985-86,' 
draft copy. National Science Teachers Association, Washington, O.C. , April 
1987. 

IV Gardner, Hajorie H. , Stateaent before the Sub-Coaalttee on Science, 
Research and Technology, Coanittee on Space, Science, and Technology, U.S. 
House of Representatives, Kerch 1988. 

15/ Cerlovich, J., Draft Survey, Iowa Depsrtaent of Education, 
DesMoines, May 1986. 
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primary <*>!) and intermedlete (4-6) teacher* had never taken a course 
In cbeaietry; 80 percent of the** teachers had never taken * course In 
physics; 15 percent bed never titan s course In biology. 

- Recent reeeerch baa fthovn thet nearly all 77,000 U.S. public high 
school acianee teachers teech out of field, aany in throe or four 
subjects for which they fell to vast the alnlaua requirements 
recommended by the National Science Teachers Association (NSTA). 
Sixty-sight percent of high school science teachers have aejor teaching 
assignaents outside of their aajor field of study. Xncressed science 
requirements for high school graduation in aany statee have exacerbated 
the problea to the point where high school principals have great 
difficulty in filling positions for cheaietry end phyalce teechere with 

* persons who are even minimally qualified. 

- As a result of teacher shortages at the secondary levels, sure snd sore 
teachers are being assigned to cross over from a discipline where they 
have bosks confidence into one where they have little preparation. For 
example, a teacher with a proper teaching credential in biology say 
well be assigned to teach cheaistry and phyelee alao, having taken no 
aore than a alngle college- level course in these fields. At the 
eleoentary school level , t cache re rarely have had aero than a single 
science course in college. 

- Although the majority of science teachers have earned Master's degrees, 
these degrees are predominantly in fields of education, not science. 
This often occurs tor reesons other than teacher choice. Science 
courses are often not available at tiaes when teachers can enroll 
except through special progress such as institutes funded by the 
National Science Foundation. 

Science teachers in aost other countries worldwide complete a <i-year 
bachelor's degree in a science and mathematics discipline before they enter 
the professional sequence that prepares thea for '."ching. In the United 
States, the large majority of our science teacher.- ' o not coaplete full 
science aajore, but rather aeet the lower state certification requirements in 
science. The teacher education courses in the United Ststes are integrated 
Into a 4-year prograa. The following are exaaple Indicators of science 
teacher requirements elsewhere: 

- In the USSR and Eastern Europe, all teachers complete five years of 
pre -service college education and return for the equivalent of one 
year of in-service education every five years. 

- In the United Kingdom, Western Europe and Australia, science teachers 
earn full science baccalaureate degrees; then prepare to teach. 

- Japanese science teachers complete undergraduate science degrees and 
are paid sslarles very nearly equivalent to those of college 
professors . 
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The Panel feela that the tiae hu com for the U.S. ecience and 
engineering coassunlty to note a c«ni»ent to precollege science and 
engineering education to ensure a ftttura supply of science and engineering 
talent. Sinca teachmrs ara key to upgrading precollege program, major 
coordinatad efforts muat ha Initiated between tha science and engineering 
cosssunlty and the education sstabiishment to upgrade both pre -service and 
in-service progress for science teachers. Concomitant initiatives need to be 
taken to sake precollege science teaching a wore attractive and rewarding 
prof aas ion. A unique role that the DOE can play In thia important national 
progrea la presented In Chapter 3. 

3, Effective Use of United Resources: Opportunities for Intervention 

Studies shov that talented students are discouraged or diverted froai 
pursing science and engineering studies not only because of the decline in the 
quality of math and science education at the precollege level, but also 
becauee of cultural changes that have occurred during the past two decades 
With the expanded professional opportunities for wain, fever with high 
scientific talent are going into precollege teaching with a concomitant loss 
off quality to the teaching profession. Changes in the structure of the 
typical family unit include s higher incidence of single parent and dual 
career f sallies and these changes have added pressures to providing adequate 
supervision for childr* , in the home. Competing with formal class roost 
instruction are action-packed, highly stimulating television programs and 
coaputar gases, which oft™ draw students away from pursuits requiring high 
levels of comaitment and concentration, such as science and mathematics . 

Therefore, interventions in the educational process are needed to 
encourage students to seek careers in science and engineering, and to remain 
corns it ted to study these areas. The Panel concludes that DOE can assist In 
this process in a unique way, utilising its singular resourcea: lta talented 
people and world- clsas laboratories. To achieve maxiaum lapact, these 
Interventions should be positive, focused, t lowly, and continuing. The 
aaglcal inspiration of a young acientific talent by close personal contact 
with a world-class researcher Is one kind of Intervention that the DOE 
laboratories are well positioned to provide. 

Current research in education points to opt leal targets of focus and 
provides insight on how to make tlaely interventions. To achieve man i mum 
effectiveness, the Panel Is convinced that actions and programs that encourage 
students to eove into, or remain cosssltted to. science and engineering are 
most affective when they focus on supporting teachers, when teachers are 
supported in their efforts to reach all atudents, a multiplier effect is 
achieved in reaching many atudents per teacher. In addition, DOE programs 
should emphasize participation by all students, including women and 
under represented alnorities, intervening at appropriate tiaea when these 
students are so at receptive. 
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Along the educational tisjs.llne fro. elementary through graduate school . 
certain point* stand out as 'nodes,- of faring hlgb opportunity for offset lvs 
intervmntlons in ths teaching of science and sithtutici 16/ Intervontlon at 
these times is swat likely to at rang than science and methsmatlca educetlon and 
commltsjsnt snd r ultimately, to produce worm numerous snd wn highly sot 1 vat ad 
eclentlfic and technical personnel. 

Bodes occur around tho first, seventh, and tenth-grade lovsla f ths 
sophomore/Junior yaar in col lags, snd again st ths poetbacceiaureste levsl. 
ths as nodee snd common psrcaptlons arc discusssd In ths following. 

First Credo. In contrast to psrsnta in Oriental culturee, vho vie* skill 
in mathematics s* s messur* of a ehild'e lntslllgcncs snd school 
acccMspllahacnt, U.S. psrsnta hsvs tsndad to judge their child's progrees 
in kindergarten and aariy slsasntsry school ysars by reading skill. 
Schools end teachers generally support this vlov. Co— rn perceptions 
among Aaericena sre that mathematics is not for everyone , that ability in 
mathematics la an inborn talent, and that aethemariciana are bom, not 
m*4*. XI/ Similar perceptions apply to learning science, lfi/ 

Seventh Grade. Culturel roles influence studenta subtly throughout their 
formative yeere; hovever, these role models begin to hsvs concrete impact 
in adolescence. Hatheaatics and science are generally considered to be 
•for boys" and ths humanities "for girls." Ciria and/or their paranta 
and teachers may perceive mathematics to bo "unf ami nine . "il/ Studies 
document the common phenomenon of teachers calling on and helping boys in 



16/ Halcom, Shirley M , Rauitv and pucpllence: Compatible Cos la. 
American Association for the Advancement of Science (AAAS Publication 84- 14), 
Washington. DC, December 1984. 

12/ "Mathematics Achievement of Chinese, Japanese, end American 
Children. " H.V. Stevenson, 5. Lee, J.V. Stlglst. Science. Vol. 231, No 
4739, page 693-699, 1966. 

lfi/ Paper t, Seymour. windstorms ; Children. Computer, and Pwtrfttl 
^dag p. Baaic Books, 1980. 

18/ Fennema, BlUsbsth snd Penelope L. Peterson. "Teacher -Student 
Interactions and Sex- Related Differences in Learning Rsthematice" , Iggfifrlng 
g pd IfscJaU Muc at ion . Vol. 2, Ho. 1, pp. 19*42, 1986. 



17 





49 



aathemetlcs classes ouch more frequently than girl*. Example* and 
language used In science texts end curricula are predominantly those from 
white. Middle -class. Western, sale culture. 12/21/ 

At the middle or junior-high school level, students start to be "tracked 11 
into different currlcule; those selected for the "academic" track are 
given aore mathematics and science, while those whose environments or 
cultures may not provide them with the language, analytical, and 
conceptual skills to perfora well on I. Q. -type tests (Including PSAT end 
SAT) ere eliminated from the academic mathematics and science courses. 
These students are often pieced In the vocational education or Industrial 
arts trsck.22/ 

Tenth Grade. Ac this node, "low testing" white aeles, females, and 
minorities ere not encouraged, and are often not prepared, to elect the 
eleventh and twelfth grade mathematics and science courses that would 
qualify thea to enter colleges or universities where science and 
engineering study ere emphasized. Thus they are not prepared to elect 
educational programs thst lesd to careers in science or technicsl fields 
and are effectively cut off froa future job opportunities In these fields 
because they fell to compete at this stage. 21/ 

Sephomors/Junior Year In College. At this point, feasles and Minorities 
are not encouraged to major in science. Discouragement can be related to 
test scores or to cultural factors . At the saae time, there is a 
frequent and well documented disenchantment of females and minorities 
who do major In science* end these students have a higher drop-out rate. 
Around 50 percent of Black and Hispanic youth with SAT scores of 550 and 



20/ Cohen, Rosalie A. "A Hatch or Not a Natch: A Study of Intermediate 
Science Teaching Materials", Chapter 3 froa The Science Curriculum: The 
Retwrt of the 19S6 National Forum for Srhoal SMpnce Edited by A.B. 
Champagne and L.E. Hornlg, American Association for the Advancement of 
Science, 1987. 

21/ Snelling, W.R. and R.F. Boruch Science in the Liberal Arts 
CmrlCUlua; — A Longitudinal Study of 49 Select lye gq ^eaes. Columbia 
University Press, 1972. 

22/ Kay, Nina. V. "A Stu .y to Determine and Test Factors Impacting on 
the Supply of Minority and ttomei Scientists, Engineers, and Technologists for 
Defense Industries and Installs^ ions , " Center for the Advancement of Science, 
Engineering, and Technology of ' Piston* Til lot son College (CASET) , NASA, 
Johnson Space Center, Buildin 6 A Suite 323. 2101 NASA Road One, Houston. 

21/ Ibid. 
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above, and s declared Intention to pursue a science or engineering 
career, drop out of the pool before their Junior year in college 24/25/ 
2kf 

Fomtbmccalaureate. At this stage when students are asking decisions 
about career specialisation, amny encounter feelings of isolation, 
alienation, disorientation, and low self-image. Cross-cultural 
communication can be a problem. This is particularly of concern to women 
when they have classes with foreign national professors who bring to the 
classroom and research laboratory their attitudes towsrd woaen as a 
subservient group. Even in our own culture, some hold the view that 
there is "sen's work" and "women's work , "2I/2S/ 



B. Concluding Remark* 

The Panel believes that the DOE oust help the country cake maximum use of 
its intellectual resources in order to retain its competitive position in 
energy research and development and in energy- related industries. The 
challenges facing educators and employers in the United States are great. As 
employers, the DOE and other federal agencies have a stake in the success of 
efforts to ensure thst these challenges are set. 

To ensure a reliable supply of appropriate human resources, the Panel 
recommends the development of a five-year plan of coordinated education 
progress from the precollege to post -doctoral levels, with appropriate 
evaluation of the effectiveness of the various progress and periodic oversight 
by appropriate advisory groups. In this context, the key points of the 
present report ate summarized in Appendix C and a full listing of the 
recommendations is given on page 42. 



2V Ibid. 

25/ Snelling, Boruch, Rodman. 

O/ Hal cos 

22/ Ksy 



28/ Cornell University/National Science Foundation. Conference on Women 
in Science, February 1988. 
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CHAFTSR II 



UNIVERSITY PROGRAMS 



A. Introduction 

The Department of Energy support e graduate and postdoctoral education 
both through funding for university -baaed research progress and through 
funding of selected fellowship programs. These two acute* of direct support of 
advanced students are complementary to eacr other and are both required to 
advance DOE's mission, In addition to the above methods of direct funding of 
university science education, DOE also provides significant support for 
university faculty end student participation In DOE laboratory research 
programs . 

DOE's principal mode of support to university science education Is 
through support of specific university -based research programs. This funding 
Includes support for a large number of graduate and postdoctoral students. 
This is a very effective method for ensuring that educational funding is 
directed to projects that are of specific Interest and Importance to DOE. 
This aode of support simultaneously yields research resets and educates new 
scientists and engineers in energy* related fields. 

The DOE also has a small program of competitive graduate and postdoctoral 
fellowships in specialized, energy- related fields of particular relevance to 
the DOE. This is an important component of DOE's educational program and 
ensures a supply of high quality scientists in research areas where future 
manpower shortages are predicted. Presently the approximate percentage of 
advanced students supported by DOE through fellowships is only 2 percent. The 
panel concludes that this percentage Is too small and recommends that the 
number of fellowships Increase. 

To ensure quality and effectiveness, each DOE university education 
program is specifically evaluated by the hosting institution. In addition, a 
series of in- depth, longitudinal evaluations are now under way on the 
effectiveness of the undergraduate semester program and the summer programs 
for undergraduate, graduate, and faculty members, all of which are described 
below. 

ft. Graduate And Postdoctoral Education 

The Penal believes that achieving both national and DOE -specific research 
policy objectives depends heavily on the research universities to educate 
future scientists, engineers, and science educators and to make advances In 
scientific and technical knowledge that sustain our economy and ensure our 
national defense. 

Graduate and postdoctoral students are involved in all phases of fh* 
DOE's research programs and make a major contribution to the DOE's ft al 
science and energy research programs. A number of respondents to the Panel 4 s 
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survey (see Appendix B) confirm the magnitude and importance of the DOE's 
contribution to the ciational effort to strengthen the science and technical 
education system. The Panel believes that the DOE's support of students 
through university research grants and contracts represents a component of 
U.S. educational programs of huge proportions and tremendous value. 
Currently , DOS la providing direct support to many advanced graduate and 
postdoctoral studer.ts through research assistantships and fellowships <see 
Table 2). 

I. Support of Academic Research Programs 

The Department of Energy, since its origin as the Atomic Energy 
Commission, has been both a user and a patron of many of the country's leading 
scientists and engineers. The importance of the partnership between the 
Federal Government and the university research community has been emphasized 
by the Secretary of Energy, John Harrington, and truly remarkable strides have 
been made in recent years in strengthening DOE-university interactions. The 
Panel believe* that DOE's greatest contribution to education is In their 
direct support of work in university laboratories where many prolessors and 
their graduate students and postdoctoral researchers carry out forefront 
research which &oes hand- in-hand with instruction to produce research 
scientists . 

The Panel is convinced that the DOE's mode of supporting graduate and 
postdoctoral students through specific academic research programs *t 
universities has h^tt very effective in educating the nation's scientists in 
energy research. This funding method ensures that student support is directed 
to projects that are of specific interest to DOE. Furthermore, many of these 
students and their faculty advisors use major research facilities at DOE 
laboratories, including, for example, the National Synchrotron Light Source at 
Brookhaven National Laboratory, the Linear Electron Accelerator at Stanford, 
and the Tevatron at Fermi National Accelerator Laboratory. Support of 
university -b,*sed research projects involving graduate students is more 
effective wtwn multi-year commitments are made. Hence, the Panel concurs with 
DOE's recent change to three ye< . ifhearch grants Tn planning and managing 
an effective university research prugro*, stabU* iong-term funding over a time 
frame comparable with the completion of doctoral thesis work is essential. 

In evaluating the relative merits of supporting fellowships vs. research 
programs, tre Panel concluded that it is important to have a proper balance 
between the two modes of support. Vigorous programs in energy research en 
campus are necessary to attract the best students- Such programs can 
stimulate excitement and Interest at the universities in energy research and 
in the specific RW> programs of the DOE. The Panel believes, however, that 
fellowship support, because it is more competitive, probably is more effective 
than research assistant support in attracting the most talented students to 
energy-related research. Whatever the mode of support, the Panel stresses the 
importance of the educational content of the graduate research experience. In 
this context, the significance of the educational contribution provides one 
measure of the value of university research to the DOE and to the Nation. 
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The currant (FY 1988) lml of DOB support for university research and 
development and the associated graduate and postdoctoral education is 
eummarlced in Table 2. Approximately 4000 graduate students and 725 
postdoctoral researchers are directly supported on university grants and 
contracts. Xn addition to this direct funding, a large amount of indirect 
support is provided through the facilities usage program of the DOB national 
laboratories and through the many collaborative research activities between 
the universities and DOE laboratories that strengthen university research and 
education. 

The Panel believes that, in its direct support of advanced education, the 
DOE ia helping to ensure an adequate supply of highly qualified, well- 
educated scientific and technical professional a to meet future human resource 
needs. By using university faculty and students to carry out major parts of 
its research prograa, the DOB not only fulfills its research Mission but 
simultaneously invests in the education of our future scientists and 
engineers. The high quality of these future scientists and engineers is 
ensured by the highly competitive nature of DOE's current research grants. 

2. Graduate Fellowships 

The ?Y'C irrently supports about 80 graduate fellowships in selected 
energy- r >iRt*d areas of science and engineering, such as nuclear engineering, 
.health ,„.vsics, fitslon science and technology, and radioactive waste 
management. Th Panel concludes that this fellowship program has several 
unique merits. Because of the highly competitive aspects of the fellowship 
program, it ensures that highly talented recipients will do their graduate 
studies in areas of science and engineering of particular importance and 
relevance to energy problems, Including areas that are relatively underfunded 
through university grants and contracts. The fellowship program also exposes 
applicants to energy problems (including how and where they ere being 
attacked) at an early atege of their advanced studies. These featu.es enable 
a group of particularly talented science and engineering students to become 
directly familiar with the areas of science and technology in which DOE is 
most Interested. The fellowship program thus provides scientists and 
engineers with the expertise and encouragement to make contributions in 
selected energy research areas in their later careers. 

On the other hand, students applying for such fellowships are much less 
mature in terms of research sophistication than those applying for 
postdoctoral research fellowships. Thus, the applicant's ability to select 
and/or propose specific research plana amy not be very useful as a criterion 
for fellowship selection, in which case this selectsd fellowship program in 
effect is not very dlffsrent from a "generic fellowship* program. The Panel, 
however, concludes that these fellowships serve to bring excellent students 
into areas of energy research and constitute an important component of DOE's 
educational programs. 

Fellowship programs that specifically target underrepresented minorities 
and women are not widely available at the DOE laboratories. Recently the 
Lawrence Live more National Laboratory initiated such a fellowship program, 
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the Rational Physical Science Consortium, The program Is modeled on the 
Graduate Education for Hinorltlee program which ia designed to support 
graduate engineering students and currently has 200 students in the science 
and engineering pipeline. The national Physical Science Consortium will offer 
a unique combination of financial aid. research experience, and monitoring 
through e joint university industry program. At IXHL, the firet applications 
for this new program will he accepted from senior undergraduate or graduates 
during the fail of 1988 with the first fellows starting their programs in the 
summer of 1989. This program has potential for implementation at all DOE 
national laboratories. 

Follow-up studies show that fellowship programs of the DOE. and its 
predecessor sgencies, have generally been very successful. 22/ Information 
gathered on past fellows by the Oak Ridge Associated Universities Indicates 
that high percentages of all fellowship holders complete graduate degrees and 
continue to make significant scientific contributions in fields of interest to 
the DOE. Based on anecdotal responses by former fellowship holders, the Panel 
concludes that the availability of fellowship support at critical points has 
strongly influenced the careers of some of today's leading scientists and 
engineers. The Panel therefore believes that the fellowship program should be 
expanded beyond the present two percent level to perhaps twice that level, but 
kept in balance with other aspects of research support. 

3. Postdoctoral Appointments 

Postdoctoral research experience is an important part of the training in 
soae scientific disciplines. Hany young recent PhDs need an extended period 
of additional research- related experience b**ore they are ready to assume a 
full research career. This extra time is considered by many acadenic 
institutions to be an extension of the graduate education process. 
Postdoctoral research appointments are also important "entry points" to U.S. 
science for foreign scientists, many of whom subsequently spend a large part 
of their careers in the U.S. Approximately 725 postdoctoral researchers are 
currently supported on DOE university grants and contracts. 

The DOE laboratories represent important, in many esses unique, resources 
for postdoctoral research. The state-of-the-art, often unique facilities and 
scientific instruments available at the DOE laboratories are particularly well 
suited to postdoctoral -level research and training. The DOE laboratory system 
currently supports 350 to 400 on-site postdoctoral researchers each year. 
These researchers supply a valuable source of new talent for DOE laboratory 
research and development programs. Laboratory requests for postdoctoral 
researchers exceed the number of available funded positions by a ratio of 
two- to-one. 



22/ DOR Student R*i«mrrh Participation Pro grim. Profile and SttrVflV of 
1979-1082 Participants . U.S. Department of Energy. Frank H. Vivio, Argonne 
national laboratory; Wayne Stevenson, Oak Ridge Associated Universities. 
January 1988. 
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4. Speciel Postdoctoral Progress 

The DOS .upper t. about SO special poetdoc torsi fellowships administered 
by the Office of Fusion Energy, the Fossil Energy ihrogrmm, and the Office of 
Health end Brrrironmental InMreh. Included to thssa programs ax* ths 
Alexatndbr Hal Under Distinguished Postdoc torsi Fellewshipe created to be 
supportive of Che ■lesion of the Office of Haalth end Envlronmentel Reseerch. 
Distinguished postdoctoral fellowships era elao offered by a number of the DOS 
laboratories. The Panel believe* that the distinguished postdoctoral 
fellowship progress ere effective in et tree ting top level talent to the 
labor etor lee , thereby contributing significantly to upgrading the quality of 
reeeexch at the laboratories and to e lave ting the perception of the 
laboratories by the research cosammity. 

The Panel concludes that the reeeerch else Ion of the DOE will be severely 
curtailed if eddltlouel numbers of bright and telented young people ere not 
encouraged to enter scientific and technic el fields of particular relevance to 
furtdeesjntel science and to energy reeeerch. 

Bmesammmssmtlom* 

1. The Panel recesnende that the DOB continue to emphasise its educational 
aiesion primarily in support of graduate students end postdoctoral fellows 
through university grants end contracts which si so serve the research 9 lesion 
of the Department. The recommended level of support should be increased in 
those disciplines of special importance to the DOE's fundamental science and 
energy mission. 

2. The Penal recommends that stable and predictable funding levels be 
provided for university -based reeeerch projects involving students by asking 
multl-yeer commitments. 

3. The Panel recoaoends that targeted graduate and postdoctoral research 
fellowship programs be Increased by the DOE in erees of science end 
engineering of particular importance to energy programs, with particular 
emphasis given to areas that have limited university research funding. 
Special targeted fellowship for underrepresented minorities and women should 
be is tab 11 shed. 

4. In the fulfillment of its mission to support advanced education and 
reeeerch, the Panel recommends that the Department continue to focus on 
quality in its efforts to develop humsn reseurcee. 

C. Undergraduate Education 

Undergraduate students represent e reel opportunity for the Department to 
directly Influence specific career choices in scientific and technic si fields. 
Traditionally, the DOS has accomplished this by providing opportunities for 
hands-on reeeerch experience. These programs have proven to be excellent 
vehicles to stimulate and encourage young college students to pursue 
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graduate -level degrees in scientific or technical field* of direct Interest 
end relevance to DOE. 

DOS provides support for undergraduate students and undergraduate 
teaching faculty principally through the University -DOE Laboratory Cooperative 
Program (Lao-Coop Program) and the nev DOE Initiative, the Science and 
Engineering Research Semester (SERS) , 

1. DOE's Laboratory Cooperative Program 

The objective of the Lib -Coop Program, Initiated in the aid- 1950s by the 
Atonic Energy Commission and administrated through the Office of Energy 
Research, is to attract younger scientists and engineers into energy-related 
careers by providing "hands-on* research experience et the national 
laboratories for students and faculty. Up to 1200 undergraduates and 250 
faculty smmbers per year participate in suesjer research and itistructional 
procreate conduced at over SO DOE laboratories and contractor facilities. 
About half of these participants are frost smell, predominately undergraduate 
Institutions. (Traditionally, about half of the nation's sclencs graduate 
student population als> cosjs frost such institutions.) The students work as 
members of laboratory research teens, sometimes in conjunction with faculty 
embers froa their home institutions. The number of participants is expended 
somewhat (estimated at about 20 percent) by supplemental support from the 
research budgets of the national laboratoriee in recognition of the autual 
bene»«£s to the laboratories and the visitors. 

the program Is particularly attractive to students and faculty coming 
from small, non-research colleges and universities, especially those located 
near the national laboratories. In recant years, the program has encouraged 
and emphaalsed more participation by woman and minorities, more than 
one-third of all the undergraduate student participants in the Lab-Coop 
Program from 1979 to 1982 were woman (for comparison, 11 percent of all 
scientists and engineers are women while 16-17 percant of all science and 
engineering students era woman.); eight percant of the participants were Block 
and three percent wars Hiepanie (for comparison 2.5 and 2 percent of 
scientists end engineers axe Black and Hispanic, respectively.) 

The Panel believes that this program has proved to be an excellent 
vehicle for exposure of undergraduicas end faculty to the research and 
development activities of the DOS national laboratories. Ita record of 
succsssls impressive: mora than two -thirds of the urrfergreduats participants 
pursue graduate study in science, engineering and related disciplines; 
approximately 60 percant of the students report that this Is a direct result 
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of their Lab Coop experience .2fi/ The program has bom especially effective 
In encouraging women and minorities to go on to graduate study and careers in 
science end engineering. In e survey conducted by the Department and 
published in 198* . "The U.S. Department of Energy Student Research 
Participation Program," *0 percent of the female participants indicated that 
participation in the program had influenced to a large degree their decision 
to attend graduate school, whereas only 23 percent of the sales made a similar 
indication. 

The program received a large funding Increase in FY 1984 and has 
continued to increase each year since. The Panel believes the Lab-Coop 
Program to be especially worthy of increased funding. Student Interest is 
high: for each position offered, five applications are received. 

Without exception, the national laboratories have contributed internal 
funds to support their undergraduate education programs in recognition of 
their unique mission and t in some cases, specific geography. To the extent 
possible, this supplemental support comes directly from the budgets of the 
laboratories and depends significantly on the commitment and interest of the 
laboratory staffs. Through their annual institutional plans, the national 
laboratories report strong interest in this program as a source of talent and 
vitality, and for maintaining the life blood of many fields Important to 
national energy security. The Panel believes that several laboratories have 
made an excellent effort and should be commended for developing programs that 
are innovative and stimulating; the laboratories should also be commended for 
developing programs that are designed to recruit women and under represented 
minorities into science and engineering. These programs, which emphasize 
intensive "hands-on" undergraduate research experiences, can serve as models 
for other Federal and industrial laboratories. 

2. Science and Engineering Research Semester (SERS) 

The Science and Engineering Research Semester is a new program initiated 
in FY 1987 as an Integral part of the Lab -Coop program. This program was 
initiated as one response to the Secretary's interest in significantly 
expanding the opportunities available to students at the DOE laboratories. 
Undergraduates participating in this program are selected from applications 
solicited nationwide and receive a 16-week semester research/ instructional 
appointment at one of five participating national laboratories: argomtc 
Rational Laboratory; Lawrence Berkeley Laboratory; Pacific Northwest 
Laboratory; Oak Ridge National Laboratory; and, Srookhaven National 
Laboratory. Zn contrast to the Lab-Coop Program, students may receive 
academic credit for their participation in the SERS program by taking courses 
sponsored by nearby universities and some students receive academic credit for 
the research experience aa well. Some laboratories have large numbers of 
resident university sec redited staff members able to oversee students who 
receive academic credit for their laboratory experience. 



W Ibid. 
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The SERB prograa bo^an in the Fall and Spring semesters of 1907-1988 with 
approximately 120 students. Plana am to expand gradually the program to 400 
to 6C0 paxtlcipanta. One attraction of this prograa ia that students ara 
exposed to DOE laboratory research and epscialited instrumentation as part of 
thalr academic training. 

3. Faculty Reaaarch Participation 

The undergraduate faculty reaaarch participation prograa provide* the 
opportunity for faculty froa pradoaiinantly undergraduate institutions to 
participate in atate-of- the-art reaaarch project a during the eummer and 
academic year. The Panel believe* that theae programs provide a valuable 
opportunity for those faculty who ara Interested in research out have Halted 
opportunities to participate in advanced research bee suae of institutional 
llaitationa (small liberal arts colleges, undergraduate engineering colleges, 
etc). This program allows theae faculty members to participate in new 
developments in their research fields, enabling them to continue to transe.it 
the latest knowledge in their fields and to share with their students the 
excitement of discovery. The DOE laboratories which sponsor this program 
generally receive t«e to three times aa many qualified faculty appllcanta as 
there are funds available to support them* The Panel notes that because the 
faculty participate more actively in the research and because the costs of 
faculty stipends considerably exceed those for students, faculty appointments 
are funded primarily from laboratory research funds , which leaves the Lab -Coop 
funds primarily for undergraduate student appointments. The Panel recommends 
that the DOE continue support of tre Faculty Research Participation program, 
at least at Its present support level. 

4. Discussion 

The Panel believes that the Department should continue to emphasise its 
research programs for undergraduate students and their associated faculty. 
Undergraduate contact with faculty most active in research and consulting is 
regarded aa a major factor in encouraging students to pursue careere in 
science and engineering. The Panel , therefore, bellevea that the DOB should 
significantly enhance its support of undergraduate research by encouraging 
principal investigators aupported by DOB grants at universities to actively 
recruit undergraduates to participate in university-baaed research programs. 
Such encouragement could be provided In the DOE program announcements 
describing university funding opportunities. 

The Panel considered the issue of undergraduate fellowships in energy 
manpower areee designated to be in abort supply and concluded that such 
tsrgeted fellowship programs are more effective at the graduate and 
postdoctoral levels. 

The effectiveness of all the undergraduate programs supported by DOE 
should continue to be closely monitored and evaluated. Programs should be 
expanded baaed on comparison of the results of these evaluations. Particular 
attention should be paid to encouraging women and minority students to pursue 
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their interests in science ami engineering atudies at the undergraduate level. 
As noted on page 14, voawm and einority student! experience ■ higher drop-out 
rate before their Junior year in college then their white male counterparts. 
For such former students, re-entry progress in technical a tees of greatest 
need to the DOE could be actually beneficial. 

X. The Panel recoanends that the DOE increase support of undergraduate 
students in th%> Lab -Coop and SERS Programs. Priority should be given tt* voaen 
and underrepreeented ainority students end to students free institutions 
having little or no in -house research activities. 

2. The Panel recoanends that the DOE encourage principal investigators to 
actively recruit undergraduates as participants in ongoing, DOE -sponsored 
university abased research progr ana, 

3. The Panel recoavenda that the DOE support the development of vigorous 
progress explicitly to attract and retain a larger fraction of under- 
represented minorities and voaen (including those re-entering the field) 
undo i graduates in science and engineering, particularly in areas of greatest 

.need to the DOE. 

4. The DOE should maintain at least the current level of support in the 
Faculty Research Participation Prograa for faculty free undergraduate 
institutions, particularly faculty froa snail, non^ research Institutions who 
eight not otherwise have an opportunity to participate in advanced research. 
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Chapter III 
FSfiCQULBCS BSDCmOU FR0G8AHS 



A, Introduction 

The DOE cannot afford to ignore the precollege education system in the 
U.S. It includes 45 million students, 2.5 Billion classroo* teechers, and an 
annual budget of neerly $200 billion. Many recent reports have highlighted 
the decline of the academic echievement of U.S. pre college educetlon. While 
this decline adversely effects the potential talent pool for DOE research snd 
development activities, it is not feasible for the DOE to tackle these 
problems -alone. To achieve sny headway with improving the quality of 
precollege science i Juration and achievement, concerted efforts by the DOE 
together with the Notional Science Foundation and the Department of Educetion 
will be needed. In this chapter we present some initiatives which tske 
advantage of the unique resources that the DOE can '*ffer to address these 
problems. 

DOE's interest In precollege education results from its need for a 
continually replenished supply of qualified scientists, engineers and 
technicians. In this context, DOE has a responsibility to Join the national 
effort to assist and support educators in providing quality science and 
mathematics instruction at the precollege level. Precollege education 
programs include those programs directed at students snd fsculty in elementary 
and secondary schools and in community colleges (see Appendix D and E.) 

The strength of the Department's precollege education programs lies in 
the DOE laboratories, their staffs, and their facilities. Exposing students 
and teachers to •live science* in a DOE laboratory can ignite the interest and 
intellectual curiosity of students and can vitalise end revitslire teachers 
and the members of the teaching profession. Even informal encounters with 
scientists can be pivotal in stimulating young people to pursue careers in 
science and engineering. 

Toward that end, the Department supports precollege educetion programs 
that encourage young people to pursue careers In energy- related scientific and 
technical fields, as pointed out in Chapter I ( the first, seventh and tenth 
grsdes are particularly important intervention points when encouragement of 
science and mathematics studies can be particularly effective. Some DOE 
programs are aimed at enhancing the knowledge bass and general scientific 
literacy of sll students in order to enhance the overall capabilities of the 
U.S. work force, while other programs provide access to state-of-the-art 
research facilities for education and research activities for commlttsd 
students and teachers. 

In reviewing DOE's current precollege programs, the Panel believes that 
the Department and Its labor stories have done a remarkable job In providing 
opportunities for the best and brightest students to work directly with 
leading research scientists, Thess early contacts with the exciting world of 
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advanced science serve to encourage these young people to pursue their 
interests in science to the Halts of their capabilities. The Panel believes 
this to be in appropriate and unique role lor the DOE and encourages the 
strengthening of these progress. 

The discussion of the precollege education progress starts with s summery 
of the present precollege program (both in the test and in Appendix D end £) . 
In assessing these progress, the Panel identified areas where improvements 
were needed, both froa a prograassattc and sanagesent standpoint. These 
findings are then presented, followed by further discussion of the role of the 
DOE in precollege education and a brief summary of the overall findings. 

B. DOS' a Precollege Progress 

Most of DOE's precollege effort is focused at the high school level. 
Several DOE laboratories, however, b-»ve also conducted progress at 
elementary- school and coasunity -col lege levels. Most of DOE's current support 
for precollege progress goes to progress conducted at the DOE laboratories. 
These laboratory efforts include both formal and infurmal activities thst are 
funded with direct support from DOE or are carried out through a combination 
of resources including research progras funding, grants, and volunteer 
efforts. 

1. DOE National Progress 

At the high-school level, most of the DOE laboratories provide 
opportunities for high-school science teachers and their high -achieving 
students to become involved in laboratory research and/or to take advantage of 
laboratory resources to develop materials for use in high school science 
classes. Opportunities are also available at many of the DOE laboratories for 
students, principally sinority students, to learn about future careers in 
science and engineering while participating In apprentice learning programs. 
Programs for teachers include training institutes and opportunities to develop 
instructional materials. 

The principal emphasis of DOE's current precollege programs, however, is 
on providing opportunities for the most competent and confident high- school 
science students and teachers to interact with scientists and engineers at the 
DOE laboratories. The most nationally visible effort of this type is the DOE 
High-School Science Student Honors Research Program. Initiated in 1985, the 
Program involves students from each state, including Puerto Rico and the 
District of Columbia. Students participate in a two -week summer research and 
instructional progras at participating DOE laboratories in such research areas 
as computer science, environmental research, life sciences, elementary 
particle physics, and superconductivity. A similar program , planned for FY 
1989, will target high-school science teachers. 

The principal DOE precollege program not conducted at or with the 
national laboratories is the Prefreshman Engineering Program (PREP). 
Engineering (or engineering- affiliated) schools at universities compete for 
funds to conduct summer institutes for its target audience. This Program 
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*: courages vtmn and ainorlty students et the Junior and senior high school 
>vei to consider csrsors in engineering or related f is Ids . Tbm PREP prograa 

jpports apprexiaataly 2500 students ssch year. Statistics Indicsts thst over 
*,U percent of the voaen or Minority students who hsvs participated go on to 

ruoll in college-levs! engineering or sciencs progress. Soae Individual PREP 
rejects report that over SO psreont of thsir participants go on to aajor in 

ma legs onglnssring/scisncs progress. 

Tho Depsrtaent also supports eussser rssssrch institutes for precollsge 
indents and teachers* During FY 198?, over 300 high -school science teachers 
s-vi 460 science etudents froa Junior, alddle and ssnior high schools 
participated in sussMir research and instructional progrsas st DOE facllltiss. 
rhi* total Includes progrsas that each year target aore thsn 200 alrtority 
^tidents who work ss laboratory reeearch apprenticee. 

2. Laboratory Initiatives 

The Panel finds thst the degree of success of the DOE preco liege progress 
*> evident in <iie willingness snd Interest of staff at individual DOE 
laboratories not only to carry out DOE* supported national progrsas but also Co 
m*: elate coapleaentsry progrsas with locsl schools. 

Significant among the model progrsas Initiated by the Individual DOE 
laboratories sre those thst respond aore specif lcslly to e due sti oris 1 needs of 
fjchers to reaaln current in their fields snd to gsln aottvstlon snd 
inspiration for renewing their professional cosssitaent Leading aaong these 
teacher progrsas are institutes and Jobs programs designed to enhsnce the 
preparation of science snd oa thenar ice teachers snd to provide susaer 
^•nployaent . Siailar program are also conducted for high school students, 
particular ly for voaen end alnority students. 

Introduced in 1984 st several DOE laboratories Is s national tsacher 
prngraa, Residence in Science end Technology {REST), which hss the potential 
**, becoae e prograa that all DOE Isborstories aay conduct in cossson. Current 
participating isborstories sre Argonne, erooVhaven , Lawrence Berkeley, 
;^t.rence Liveraore, Los Alaaos, Oak Ridge, and Pacific Northwest Laborstory. 
Uim program targe te outstanding teachers, selected nationally, and si lows 
Uva to participate in laborstory rssssrch and to develop Instructional 
strategies and aateriels bsssd on this experience, A elgnlficsnt c opponent of 
a nuaber of the t eschar progrsas is t\ m instructional aateriels the t eschars 
dUvelop froa their lebor story resesrch experience. For their work, eoae of 
:Uese teachers ere swarded graduate- level educe t ion credits by sgreeaent with 
.egional universities. 

Progress at the DOE national Isborstories also target a local eudlence of 
M~h- school and/or junior -high or alddle -school teachers and student* 
throughout the year. Progrsas that are prlasriiy conducted for outstsnding 
students (snd their teechers) include) raee'»ch participation, apeclal events, 

workshops, Progrsas dirsctad st aioority and feaale students Include 
cwrlculua projects, in -house tours, lscturss, and workshops. 
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A variety of special event* conducted at the DOE laboratories recognise 
ichl«vt»nt In sclenco education and provide encouragement to sclera* and 
mathematics students and teachers . Sponsorship of science fairs, 
plantations at meetings of ochool administrators and school board members, 
publication of atudent project books bawd on current resssrch at the 
laboratories, presentation of ac lance awards In awards ceremonies at the 
schools, scholarships and awards for excellent teacher* and students are 
examples of special events. 

The Panel notes that very few of the current precollege progress at the 
laboratories are deeigned for teachers who are teaching outside their 
curriculum areas, for reaedlal students, or for the disabled. What progress 
there are to Increase general scientific literacy Include direct classroom 
Instruction, outreach through professional organization* or partnerahlps with 
school districts or industries, end ed hoc support activities such as loaning 
equipment to schools or providing personnel to Judge science fairs or to tutor 
students. 

The Panel commends the D^p^rtment for the mssber, variety, and quality of 
existing precollege initiatives, a number of which began during the last three 
years. The DOE laboratories have clearly responded to local and regional 
interests by developing excellent progress that sect educational needs in 
local and regional coasunitles. 

The Panel believes that a healthy precollege science and sat hens tics 
education system is essential to carry out the Department of Energy's sisslon. 
Fros available indicators »H/ the Panel finds that the U.S. precollege 
education system needs strengthening. Because the precollege education system 
is huge, the DOE cannot expect and should not alone try to Influence the 
entire systes. DOE can help by closely working with other Federal agencies, 
business and state and local governments to improve the systes with steady, 
reliable and encouraging support. The Department can be particularly effective 
with carefully selected education progress, as discussed in the next section. 

C. Areas for Improvement 

I. Targets for DOE Programs 

The Panel concludes that a stable, more targeted effort by DOE in 
precollege education is needed. The Panel finds that the DOE has not yet 
concentrated lta efforts where the most good can be done, particularly at the 
key intervention points, or nodes. In maximizing the effectiveness of 
precollege progress, teachera are key. Through the multiplier affect, 
teachers can reech the largest number of students and attract and retain them 
in science and mathematics studies. 



_ e Ihfi Sciimce Curriculum: Th« u^rt »f Thft ] m H a I 1 io M i Forur, for 

School SclfffKft Edited by A.B Champagne and L.E, Homig, American 
Association for th. Advancement of Science, 1987. 



32 



ERIC 



64 



Precollege science tcichiri tsnd to be isolated from iwr developments in 
thel* disciplines within « fw years after they leave college and enter the 
classroom. They haw few opportunities for keeping current in their He 16m or 
f*r developing the kind of colieglel relationships with research eclentlete 
that could help to enhance the atetua of the teaching profession. The 
context in which teachers work often Mitigates against quality instruction. A 
myriad of non- Instructional duties such aa hall Monitoring, lunch duty, and 
discipline problem* both divert teacher attention frost their central 
instructional roles and inhibit their participation in DOG- sponsored 
educational opportunities. To provide a more favorable environment for 
teacher participation in in-service progress, the DOS laboratories should 
««:ablleji partnerships vith the schools , and create bonds with the state and 
local school author It lei, the unions and the teacher 'e professional 
4if oc let lone, Severel progress that allow teachers to prectlce "hands -on 
s-ience" ere currently in place at the DOE laboratories (See Appendix D end 
The Panel finds thst insufficient attention has been given to how these 
'•achers could influence their own Institutions once they return. The DOE 
f eretories have not taken full advantage of the extensive evaluations made 
hv SSF and other agencies that offer guidance for designing experiences for 
rcachers that are likely to result In substantive long-tern change. ^2/ 

The Department also has few progress to update the overage teacher, 
retrain the crossover teacher, and excite the capable non- science oriented 
ut jdent. Cuirent DOE progress tend to als at those teachers and students whe 
<*re already coaeiltted to and qualified In science, While some DOE programs 
**ist epecif icelly to draw traditionally under represented minorities and - s.n 
info the pool of science end mathematics students, the effort in this art< is 
not strong and does not effectively use the extraordinary potential of the PTE 
laboratories to enhance science education In the United States. 

Further, most DOE pre col lege programs for students concentrate on 
a' iaulatlng the Interest of high-school students. Few programs are focus sed 
t,r* students in the pre -high- school years, and few programs have been developed 
that address effectively the issue of improving science end aa the as tics 
education aa early aa possible in the school experience. As discussed In 
Chapter 1. early intervention can have a great impact on the science education 
of young studeote , especially on minorities and fesalea and especially when 
r he intervention targets tha teachers not necesserlly science specialists 
~- who work with these underrepresented students. 

The Panel further finds too low a number of highly talented young people 
electing careers in science teaching. The Panel discussed several mechanisms 
to increase the number of telented young people entering science teaching 
careers. Particularly promising is a teacher treinlng fellowship program for 
rupport to students, with an undergraduate degree in science, mathematics, or 



12/ Opportunities for Strategic Investment in K-2 Scienca Education 
faplittM Efll thf HlUtfttal ScltlttP rgujftlltlon, Volume 1. 1987, pp. 94, 95. 
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engineering, to complete e Huttr'i degree in Education. Such s progrea would 
offer strong incentives to highly talented people to enter eclence teaching 
camri at the precollege levei . Tho Pml recoaasads that tho DOE strongly , 
endorse and participate in efforts by tha National Sciatic* foundation and tha 
Department of Education to establish such a graduate fellowship progrea. 
Opportunities for suaaer research aasignaents to aelanea ♦duration students 
could also have a significant lap Act on enhancing tha attractiveness and 
affectivenees of this science taaeher education prograa. 

Another promising prograa for enhancing tha quality of precollego science 
aducatlon would allow professional scientists end engineers to divide their 
tine between precollage science teaching and DOE laboratory research. 
Specific -edvantegee of this approach include continual professional 
vitallcation for in-service ac lance teachers through hands-on research 
experience, aesocUtlon with active and productive scientists, enhanced 
professional recognition, and increased financial rewards. One iaplementation 
of this concept could be through alternating teaching activities during the 
academic year with full- tine research participation at « DOE (or industrial) 
laboratory during the summer aonths. Another possible Iaplementation could 
coablne prscollege teaching with research work at a DOE or industrial 
laboratory during the work w«ek, with full tiae research participation during 
the eua«?r. The Panel feals that this approach baa Inherent flexibility with 
regard to the fraction of tiae allocated to teaching vs. research, how the 
tlaa allocations are distributed during the echool or calendar year, and where 
the research is carried out (DOE laboratory or industry). The Panel believes 
that the DOE could play an laportant role in catalysing such s prograa which 
could then ta extended to other settings end forest* It is felt that this 
program haa the potential for aeetlng the needs of s large nuabar of 
in-service teachers and school districts in a sodality thst would be 
acceptable to the preesnt education infrastructure. 

2 . Management 

With several exceptions, the precollege activities Initiated at the 
laboratory level have been "bootlegged* froa support for university- level 
progress or supported by volunteer efforts The Panel believes thst 
volunteerlsa is fine, but it thrives if adequately funded so that a stable, 
ongoing coasltment le achieved. The Panel thus concludes that stability of 
commitment and funding is needed to sustsln the infrastructure of precollege 
education progress. 

The Panel finds that the Department's Halted education resources are not 
used mm effectively as they sight be et the precollege level. An isproved 
infrastructure is needed to support the DOE precollege education prograa* 
Because no forsal network now exists, effective strategies developed at ons of 
the DOE 1 shore tor les are rsrely disseminated eaong other DOE fecllitiei , nor 
to those in the educational coasunity who could use the*. So long-range 
planning haa taken place that would Include a secbaniss for reaching consensus 
asong tha DOS laboratories on program priorities, objective*, evaluation, and 
dlesesination of progress and water Isle. 
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Currently, few smchsnlems are In plsce to track program participate or 
to nooitor tha friction of tha student* going Into graduate 1ml work and in 
particular into ■pKUlUtd energy areas. By virtue of the sis a and 
tantalised control, the Dapartaamt could, preeummbly, coordinate activities 
and disseminate results of program evaluation* to an extent currently not 
possible or probabla eleewhere. 

Tha DOE baa ala© not taken full advantage of tna strength to be gained by 
establishing cosssunication networks to facilitate cooperative effort* with 
private lnduatriee and other foderel agencies, auch aa tha National Science 
Foundation, the laspextnent of Defenae, the Dapartaamt of Education; 
professional organisations such aa tha National Science Teachers Association, 
th#» American Association for the Advancement of Science, the Association of 
Science Technology Centers, the Council of State Science Supervieore; colleges 
srd universities; state agencies; etc. Interagency collaboration ia difficult, 
hut it oust be done to enhance the effectiveness of tha education programs 
undertaken by DOS. Useful partnerehipa with other entitles could and should 
b»- testa red using the unique resources and atrengthe of eech. 

D DOT'S Bole 

In general , the Panel recognizes that the DOS can play a leadership role 
by developing sustained partnerships between the DOS laboratories and the 
schools to promote the development of a broad pool of competent and interested 
stance learners. Ihrough auch partnerships, the Department is In a position 
!o nroaote vide interest and understanding of science end of the need for 
qua" ity science and mathematics educetion. 

In collaboration with the National Science foundation (NSF) or other 
a^endee, the DOE could develop a comprehensive teacher 'enhancement project 
which would involve similar programs conducted across the country' Vith 
science educators Involved in planning and lap lamenting programs, and with the 
support of local school administrations, these programs could go a long way 
toward invigorating science and aa them* tics in-service programs. Science and 
mathematics teachere generally regard the NSF'e Science Teacher Institutes ss 
the most successful of the 1960s programs to develop science educators. Many 
tfuchera deplore their demise. Extensive NSF evaluations of that program give 
guidance for future planning, e.g., how to design experiences so that they are 
likely to reault in substantive long- term change. 21/ 

To develop programs thst resch a broader group of teacher* and students, 
thi DOS will need approaches and strategies different from tnose used to reach 
continent and competent teachers and students. Special efforts are needed to 
enlarge the pool of talent by clsarly showing the general student the 
rxjitenent, methods, tools, processes, and Implications of scientific inquiry. 
In particular, more opportunitiee in non- traditional settings could be offered 
ro those teachers who most need help but ere least likely to seek it. 
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Establishing s cownicitian network nm| the DOE laboratoriee would 
allow till* effective DOE precollege program to be better exploited; ldeea 
could bo shared; end the various program mode la con bo monitored and 
evaluated. In addition, there eheuld bo a coordinated effort to develop now 
programs baood en formal nooda assessments and program evaluation*, A part of 
Chi* new infrastructure could bo a five-yoer education program* plan which 
would include a mechanism for reaching consensus among tho DOS laboratories on 
prograa priorities, objectives, evaluation, and dleaeminetlon of programs and 
naterisls. But unlooo tho Department is willing to provide appropriate 
resources to sua tain Its offort for five yesre or wore, tho offort will not be 
worthwhile . 

S. Findings 

The Panel finds that the U.S. precollege education systeai needs 
strengthening, that DOE has an Important role to play in strengthening 
precollege educe t ion, and that the DOE should do acre in precollege education 
than it has in the past. 

The Panel finds that the strength of the Department's precollege science 
education programs lies in the DOE laboratories, their staffs and their 
facilities. The Department and its laboratories have done a remarkable job In 
providing opportunities for the best end brightest young students to work 
directly with leading research scientists. The Panel finds that the degree of 
success of the DOE precollege programs is due to the willingness snd interest 
of scientists end staff at DOE laboratories not only to carry out 
DOE- supported national programs but also to initiate complementary programs 
with local schools. 

The Panel concludes that the DOE needs to concentrate more of its efforts 
in the precollege area where it can do the most overall good: namely at 
teachera . Through the multiplier effect, teachers can reach the lergest 
number of students et key intervention points and attrect and retain them in 
science and mathematics studies. The Panel finds that an improved 
infrastructure is needed to support the DOE* a precollege education programs. 
The DOE needs to take advantage of the strength to bo gained by establishing 
comnunlestion networks to facilitate cooperative ef forte with other federel 
agenclee and private industries. The Panel further finds too low s number of 
highly talented young people electing cereers in science teaching. 

Smcoomamdat lone 

1. The Panel recommends thet the Department establish an Infrastructure, a 
communication network, and a five-year plan to provide stable support for 
precollege aducatlon programs. 

2. The Panel recommends that the Department strongly endorse snd participate 
in the efforts by the National Science Foundation and the Department of 
Education to establish graduate fellowship programs for a Masters degree in 
science educetlon for ecience/englnee ring/ tech- ology baccalaureate graduates. 
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The Ptml further recoesssnds that DOS provide opportunities for future science 
teacher* to participate in laboratory raaearch program* . 

5. The Panel rscossjsnds that DOS initiate a program for allowing ln-aervice 
acience teachers to divide their tlee between classroom teaching and 
participation in DOE (or Industrial) raaearch during the calendar year. 

4 The Panel recommsnds that the Department develop formal partnerships, and 
strengthen existing partnerships, between DDI iaboratorlea, teachers, and 
atate and community organisations dedicated to enhancing student involvement 
in science, methsmatlce, and engineering. 

5. Ths Panel recossssnds that DOB target students who demonstrate high 
achievssmmt, commitment, or potential in science, and Involve those students 
in formal and informal programs that allow personal encounters between them 
and working scientists. 

6. The Panel rscommends that DOE base its pre coll age programs on the 
following guidelines which ensure that programs reach the largaat number of 
students and are most effective in retaining them in science and mathematics 
education. These guide llnea should be either on the followed or modif led, 
depending on each DOE laboratory's unique strengths and on the succeaaful 
education programs that are currently in place. 

- Concentrate on developing programs for teachers. Emphasize programs 
that 1) help teachers enhance their acience skills and understanding; 
2) provide tsachers (and students) with hands-on science activities; 
and 3) encourage understanding of the relationships between acience. 
technology and society. 

- Assess needs involving both educators and aclentlsts in the procsss. 

- Bveluate the effectlveneaa of ongoing programs. 

• Target the grade levels that individual laboratories can reach 
effectively. Some progress* should give apeclel consideration to young 
students and their teachers at the elementary and middle school levels. 

- Develop and support vigorous programs to stimulate and nurture the 
Interest of young women and underrepressnted minorities to participate 
more fully in the DOS education programs in science and engineering. 

- Collaborate with educators and researchers to develop Instructional 
materlala for taking advantage of state-of-the-art audio-visual aids, 
computer technologies and other electronic da livery systems, and 
atrateglea for exploring relationships between science, technology and 
society. Efforts In this area should focus on developing materials 
that can be integrated into or used as a supplement to ami sting science 
currlculs . 
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CHAPTER IV 

PUBLIC A1UKEKES5 AKD COHTINUINC EDUCATION 



A. Public Education And Amrmm 

The Panel be lie veil that a well educated and Informed citizenry is 
extremely important to the success of the Department's mission. The best 
efforts of capable scientists and engineers to develop and transfer new, 
energy -re la ted technologies aay be in vein if the general public does not 
understand and, thus, aay be unwilling to support technologically based 
advantageous policies and energy options. As energy policy evolves, public 
acceptance is necessary for Its lapleaentetlon. Public acceptance aay range 
froa conserving energy to Baking choices on various energy options and 
environaental issues. To sake wise choices, the public needs s basic 
understanding of scientific and technicsl Issues in order to distinguish 
between reasonable and unreasonable p alleles. 

The importance of education to t ie DOE mission should be emphasized In 
official DOE atateaents to the public. Key ideas that could be presented are 
given in Appendix C, 

Educating the public is a mult if ace ted task, requiring cooperation with 
schools, state snd local agencies, industry and the media. The Department can 
aska soae inroads into public energy education by sponsoring library and 
Bttseua exhibits, energy fairs, TV science spots, and other energy awareness 
progress, Direct consuaer mailings and speakers bureaus coordinated through 
local agencies or utilities are other possible avenues of contact with the 
general public. 

The long-term results, though, will coae froa efforts that go fc*vond 
consuaer or cltiren education and address the root causes of the barrier 
between technology and society; namely, the perception by aany adults that 
average people cannot understand science and mathematics. Many Americans are 
fearful of studying mathematics and science, and distrust technology. Parents 
and even teachers aay convey this perception to their children at a very early 
age. Experiences in Pacific Rim countries demonstrate that mathematics and 
science can be successfully taught to most preco liege students . 34/ 

The Panel believes that children may provide the ultimate channel through 
which science education materials reach parents, since the "class" in adult 
education efforts Is dispersed. Fsct sheets, science and math homework 
Involving parent participation, even a series of educational video cassettes 
that children can check out froa their school libraries and take home to share 



Ik/ "Mathematics Achievement of Chinese, Japanese and American 
Children," H. V, Stevenson's and J. W. Stigler, Science Vol. 231, Ho. 4739, 
1986. 
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with their families, should be Investigated as potential set hod* for educating 
adults, to the mutual benefit of children, parent* and teachers 

The Panel believes that tha boat contribution tha Department can make to 
public acianca education ia to encourage DOB laboratory scientists and 
engineers to roach out to tha perente of young childran through tha school* 
and through *uch school -based groups h the Parent Teacher Associations and 
acianca mueeuma. Ona innovative prograii of thia kind is tha 'Family Math 
Saria*"15/ davalopad by ataff at tha Lawrence Hall of Science at tha 
University of California at Berkeley. Through tha parents work with their 
achool -age childran on oath problems keyed to what tha child ia learning in 
school. The program is positive, non threatening and fun, and a tart a with 
activities for vary young childran. 

The Panel recognises that, because of the increasing rapidity of advances 
in science end technology, the need for continuing (or lifelong) education has 
assuaed increasing importance in upgrading both the knowledge base and the 
■pacific skills of employees. For exes^le. in today's technological work 
force » the use of coaputers is all -pervasive, yet aany mature practicing 
scientiete end engineers have no formal training in computer science. 
Universities, professional societies, end industrial companies have 
established a large number of intensive summer mlnicourses, focused evening 
couress, and video courses (sometimes with tutors) at the workplace and other 
modalities to meet the needs for continuing education of today's technical 
workforce . 

In these endeavors, the DOE laboratories could pley a leadership role in 
upgrading the skills end knowledge base of the American workforce. The DOE 
laboratories are in an excellent position to provide continuing education for 
their own personnel, at both the professional and technician level. Once in 
place, continuing education programs at the DOE laboratories could then become 
available (on a full cost recovery basis) to meet the continuing education 
needs of locel industry, particularly DOE contractors or industrial peraonnel 
requiring specialised training in energy -related science end technologies. 

Continuing education end intern programs at the DOS laboratories could 
have e significant impact on upgrading tha akilla of technicians. Since World 
War IX, the armed services have played en important role in the t reining of 
technicians to meet the nation's defense needs. The DOE labs could play a 
almller role in the training of technicians to meet the nation' a energy needs. 
Such a program could be attractive to women contemplating reentry into the 
work force and to ainority workers desiring upward mobility. 



35/ Jean Stenmark et el.. Family Math copyright 1986 by the Regents of 
the University of California, Berkeley, California. 
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C Industrial Support Of Energy Education 

The Panel believe* that the DOS should encourage the energy Industries 
to strengthen their support of science education st si I levels. 
Private- sector support of precellege and higher education and continuing 
education takes Many forms in the technical and scientific areas related to 
energy production, distribution and use. A feu of the more prevalent support 
activities are discussed here. 

The energy Industry , both collectively and as individual companies, is 
involved in and concerned about scientific and technical education. Most 
major companies provide eoce form of financial aid directly to teachers and 
etudenta who ere studying or participating in research progress that are 
energy -related. Often companies establish endowed r>alra or professorships, 
graduate fellowships and undergraduate scholarships »t universities and 
colleges. Perhaps even acre frequently, teachere in nesrby educational 
institutions srs employed by industries as part- tine consul tsnts or to 
instruct company personnel, students sre given on-the-job training, and 
cooperstlve work programs sre undertaken. This type of support is estimated 
to amount to more than $1 billion annually. The Panel believes that the 
energy-related industries have further potential for the support of 
educational programs and that the DOE could effectively encourage and 
coordinate additional contributions. 

In recent years, equipment manufacturers have been particularly generous 
(partially as a result of enlightened tax policy) in donating used equipment 
or in offering large discounts on new equipment to educational institutions. 
This equipment ranges from computers to test apparatus and instrumentation to 
operational models. 

Many energy -oriented companies also offer "continuing education" courses 
to their employees, often partially on company time. These courses run the 
8**w* project management to advanced technology and are generally focused 

on improving the professional skills and knowledge of key employees, in some 
companies, such as engineering- construction firms, these courses provide the 
beet means for upgrading and/or retraining personnel . 

Two industrial activities that relate directly to ths Panel's concerns 
arm summer •wployment of teachers and students, and sponsorship of tescher 
workshops. All companies contacted by this Panel indicated that they have 
consistently employed promising students and deserving teachers during the 
summer. The Panel feels that the potential for industrial participation in 
programs involving part-time precollegs teaching coupled vlth part-time 
industrial research and development should be explored. 

Several recent reports by profsssionel soclstlss have emphAslxed the 
vital Importance of industrial employment for students and teachers. Not only 
does such sxperience help the chosen teachers and students meet their 
financial obligations while contributing to energy- related work, these 
experiences also broaden their ho rl sons and focus their talents on the 
challenges of the reel world. At the same time, college and university and 
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even high-school official* have been •■phytic that, without this help froa 
Industry, they would not bo able to keep sany of their host faculty mb«ri 
end superior students. 

The energy Industry sponsors teacher workshop* throughout tha nation. 
Of tan this la don* through technical societies auch mm the Assrlcan Sociaty 
for Hechanic*! Engineers and tha Aaericen nuclear Sociaty, or through trade 
organisation* such aa tha Unitad Statas Council for Energy Avaranees. Such 
workshops oftan contribute to tha davelopaent of energy -r*l*t*d couraas end 
curricula. The potential for such workshops to have an even greater Ispact 
should ha explored. 

tanas esiiiliilons 

X. The Department should provide incentlva* to its own scientific and 
technical personnel, es well aa those «t the national laboratories and 
universities, to take the initiative in developing energy* relevant adult 
education progress and working with local school groups to develop parent 
outreach program In science education, 

2. The Panel recoaewnds that the DOR strengthen continuing education programs 
for both professionals and technicians at DOE national lahoretorlee and 
enlarge the** progress to permit participation by local industry on a full 
cost* recovery basis, 

3. The DDE should support special program* that allow voaen and 

und* represented slnorUies to retrain or participate in Internships in energy 
ressarch, particularly in arees of greatest need to the DOE. 

h. The DOE should encourage private companies Involved In energy- re 1# ted 
bu*in*«**i 1) to conduct in -house educetional progress; 2) to donate equipment 
to educational institutions; 3) to help local high schools, colleges and 
universities develop energy -related courses and curricula; 4) sponsor *nd/or 
participate in pre- and in-service teecher education progress; and 5) to 
provide part -lis* saployaent to teachers dividing their ties between 
precollege teaching and R&D work. 
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General 

The Deportment of Energy should 

1. Highlight th« concern* of DOS regarding science education end 
potential constructive ec Clone token by the DOE In science 
education in ell appropriate public information pre eentet ion*. 

2. Eeteblieh a vieible, stable commitment to eclence end engineering 
educetion that funda a spectrum of ectlvltiee from elemsntery 
school through postdoctoral level*, 

3. Allocate funds to ensure that scarce resources are appropriately 
distributed 1) to emphasise DOE'S prise ry educational alas ion in 
support of graduate students end postdoctoral fellows , end 2) to 
eugsent the support of preco liege progress that enhance the quality 
and enlerge the pool of potent i el science end engineering students. 

4. Establish policies that encoursge DOE laboratory staff to psrticipate 
in educational ectlvltles at the national laboratories and In 
outreach activities that support local end regional Initiatives to 
lap rove science education, perticularly et the precollege level. 



Graduate and Postdoctoral 

1. The lenel recosaends that the DOE continue to emphasize its educational 
mission primarily in support of graduate students and postdoctoral fellows 
through university grants and contracts which also serve the research mission 
of the Department. The recosssended level of support should be incrsesed in 
those disciplines of spec lei Importance to the DOE's fundamental science and 
energy aiesion. 

2. The Panel recosjssnds that stsble and predictable funding levels be 
provided for university -based research projects involving students by making 
multi-year commitments. 

3. The Panel recosmends that targeted graduate and post doc torsi resesrch 
fellowship programs be increased by the DOE In areas of science and 
engineering of particular importance to energy programs , with particular 
emphasis given to areas that have limited university rsssarch funding, 
Special targeted progress for women and underreprssented ainorlties should be 
established. 

4. In the fulf illasnt of its mission to support advanced education and 
research, the Panel recommends that the Department continue to focus on 
quality in its efforts to develop human resources . 
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1. The Panel rtwwdi that the DOS IncrMtt support of undergr tduete 
students in the Lab -Coop and SERS Pro tr ami. Priority ihould bo gi*en to wmn 
ami underrapreeentad minority etudante and to students from lnstltu ions 
having llttla ar no in«houee resssrch activities. 

2. Tb* Panel racoaaasnds that tha DCS encourage principal invaatlgatora to 
actively recruit undergraduates aa participants in ongoing. DOS -sponsored 
unlve re lty~ baaed research programs* 

3. The Panel racoaaenda that tha DOB support tha development of vigorous 
program explicitly to attract and ratain a largar fraction of under- 
represented minorities and women (including those re-entering tha fiald) 
undergreduatae in acianca and engineering, particularly in araaa of graatast 
naad to tha DOE. 

4. Tha DOE should maintain at least tha currant level of support in the 
Faculty Research Participation Program for faculty froai undergraduate 
institutions, particularly faculty froa small, non- research institutions mho 
night not otherwise have an opportunity to participate in advanced raaaarch. 

Praco liege 

1. the Panel racossssnds that tha Depart* *c establish an infrastructure, a 
cuissiinlcatlon network, and a five-year plan to provide stable support for 
pracollsge education progress. 

2. Tha Panel racoasssnda that tha Department strongly endorse and 
participate in efforts by tha national Science Foundation and tha Department 
of Education to eatebllah graduate fellowship programs for a Heaters degree in 
science education for science/engine* ring/technology baccalaureate graduates. 
Tha Panel further recommends that DOS provide opportunities for future acianca 
teachers co participate in labor story research programs. 

3. Tha Panel racossssnds that DOS initiate e program for allowing in sew ice 
science teachers to divide their time between classroom teaching and 
participation in DOS (or Industrial raaaarch) during tha calendar yoar. 

4. The Panel recommends that the Department develop formal partnerships , and 
strengthen existing partnerships, between DOS laboratories, teacbere, and 
state and community organizations dedicated to enhancing student Involvement 
in science, mathematics , and engineering. 

5. Tha Panel recommends that DOS target student e who demons trst a high 
achievement , commitment, or potential in science, r i involve these students 
in formal and informal programs that allow pareonal encounters between them 
and working scientists. 

6. The Panel recommends that DOS base its precollage programs on tha 
following guidelines which enaure that programs reach tha largaat number of 
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etudenta ml ere mt effective In rateinlng then In science snd aatheaatiee 
education. These guidelines should be sither Followed or modified, depending 
on each 008 laboratory** unique strengths and on the successful education 
programs that art currant ly in place. 

- Concentrate on developing programs for toachera. Emphasize program* 
that 1) halp teachers enhance thalr ecience skills and under standing : 

2) provide toachara and atudanta with hands-on aclenca activities; and 

3) encourage understanding of the relationships between science, 
technology and society. 

• Assns needs involving both educators and scientists in the process. 

- Evaluate the effectiveness of ongoing progress . 

* Targst the grade levels that individual leboretoriea can reach 
effectively. Some prograae should give spec lei consideration to young 
students and their teachers et the elementary and aiddle school levels. 

- Develop and support vigorous progress to stimulate and nurture the 
interest of young women and undarrepresented ainoritles to participate 
mors fully in the DOE education programs in science and engineering. 

- Collaborate with educators and resesrehers to develop instructional 
materials for talcing advantage of state-of-the-art audio* visual aids, 
computer technologies and other electronic deliv«iry systems , and 
strstsgles for exploring relstionshlps between science, technology and 
society. Efforts in this eree should focus on developing materials 
that can be in t egret sd into or used as e supplement to existing science 
curr icule . 

Fubllc Awareness and Continuing Education 

1. The Department should provide incentives to Its own scientific end 
technic el personnel, as well as those at the national laboratories snd 
universltlsi. to teas the lnitletive in developing energy-relevant adult 
education programs and working with local school groups to develop parent 
outreach programs in science education. 

2. The Panel recommends that the DOE strengthen continuing education programs 
for both profeeeionals and technicians at DOE national laboratories and 
enlarge these programs to permit participation by local Industry on a full 
coat -recovery basis . 

3. The DOB should support special programs that si low women and 

undo rrepreasn ted minorities to retrain or participate in internships in energy 
research, particularly in arses of grestest need to the DOE. 

4. The DOE should encourage private companies Involved in energy- related 
businesses 1) to conduct in- house sducetional programs; 2) to donate equipment 
to educe tlonel Institutions ; 3) to hslp local high schools, colleges snd 
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untvaraltlaa davalop trmifyvlafa couraai and curricula; 6} aponaor aod/or 
participate la pr»- sad ln-aarvica taachar aducatlos, and 5) to provide 
paxt-tta* aa^lojnaant to taachari dividing thatr tlac batwaan pracollaga 
taacnlnf and BAD «erk. 
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The tecrmtary of Eneiw 

V vaah ingm m , DC &JS83 



February 19, 1987 



Nr. John H. Schoettler 
11855 East Dal«y Clrclt 
Parker. CO 80134 

Dear Nr. Schoettler: 

The President, In addressing the future of the country In 
his State of the Won Address, noted the Important role science 
and technology will play in enhancing the future competitiveness 
of the United States, and the resulting need for excellence in 
education 1n preparing for the future. Clearly, there 1s a wed 
to strengthen the Kalian's science-education system if we are to 
continue our pre-eminence and leadership in science. 

The department 1s doing much with the education community. 
In addition to direct support to the university community through 
research grants and contracts, DOE also makes available such 
major user-facilities as the national Synchrotron tight Source 
and supports a number of laboratories, such as the Fermi National 
Accelerator Laboratory and the Stanford linear Accelerator 
Center, which wert established essentially to be available to the 
university community. In addition. 1n 1985 DOC started a new 
program of bringing the very best high -school science students 
for participation 1n summer research at the world-class research 
facilities located at DOC laboratories. It 1s estimated that the 
total value of DOE support to university research and education 
exceeds one billion dollars per year. 

Tet, with the increasing importance of education and science 
to the future of the nation, I want to ensure that the Department 
1s doing all that 1t should to develop fully the Nation's 
scientific talent at the pre-college, university and post- 
graduate levels in order to meet the Nation's future scientific 
and technological needs. 

Therefore, I would like the Board to undertake a study that 
would review the Department's activities with the education 
community to ensure that DOE 1s Indeed playing Its proper role 
vU-*-vls other federal agencies and the private sector 1n the 
support of scientific and technical education and training. In 
particular, the Board should address the following k*y questions: 

o Do the current education and training programs of DOE 
address the right needs and are th*y effectively 
coordinated? 
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o js DOE taking full advantage of the resources and 

capabilities of the national laboratories In the support 
of education end training? 

o Mhat responsibilities ami »*chan1*»5 ere epproprlate for 
the Department in the support of elementary and secondary 
science* education, of undergraduate and graduate 
students, of post-doctoral researchers, and of the 
general (non-science) public? 

0 Should the Department provide support for undergraduate 
and graduate research fellowships 1n energy empower 
areas designated m short supply? 

1 would appreciate the report by February 1980. 




John S. Harrington 
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totbt 

Vwb* Statu Dcfwawn of Eaqpi 
1000 hhw i wi Anaw, S. W. 



August IB, 1987 



Dear 

I as writing to seek your personal views and suggestions on the 
role and responsibilities of the U.S. Department of Energy in 
support of the national effort to strengthen the nation's science 
and technical education system. 

By way of background, the Secretary of Energy has asked the 
Energy Research Advisory Board to undertake a study that would 
review the education activities of DOE. particularly to ensure 
that DOE 1s Indeed playing Its proper role v1s-a-v1s other 
Federal agencies and the private sector In the support of 
scientific and technical education and training. The Secretary's 
letter to ERAS t along with a list of the members of the ERAB 
panel established to carry out this study, are enclosed for your 
Information. Also enclosed 1s a recent report which Includes a 
summary of current DOE support for scientific and technical 
education at the precollege and university levels. 

As you can see from the Secretary's charge letter, the scope of 
our study will cover the precollege, university and postgraduate 
levels with significant attention to the potentially unique 
contributions which can be made 1n scientific and technical 
education by the Department's national laboratories and major 
contractor research facilities. The panel would sincerely 
appreciate your personal views and suggestions on any or all of 
the Issues listed 1n the Secretary's letter. it woul i be 
artlcularly helpful if we could receive your views by September 
0, 1987, so that we can prepare a synthesis of the various 
comments and recommendations 1n time for the next meeting of the 
panel scheduled for October 9, 1987- 
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Thank you very much for your assistance on this vitally Iwportint 
tffort for the Department of Energy. 



Enclosures: List of Panel ffer.bers 

Secretary's Charge Letter 
University Research 1 Scientific Education 
Prograeis of the Department of Energy 

Please address replies as follows: 

Mildred Oresselhous 
Chalman, Education Panel 
Energy Research Advisory Board 
E*-6» 3F-Q43 

U.S. Depertoent of Energy 
Washington, DC 20585 




Chairman, Education Panel I 

Institute Professor of 

Electrical Engineering I Physics 
Massachusetts Institute of Technology 
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ftBsiURiarrs to ums of otiw 



Fernando E. Agra it 
President 

University of Puerto Rico 

CPO Box 4984-C 

S*n Juan, Puerto Rico 00936 

George S. Ansel 1 
President 

Colorado School of Nines 
Golden, CO 80401 

Robert Barker 
Provost 

Cornell University 
300 Day Hall 
P.O. Box DM 
Ithaca. NY 148*3-2801 

Alphonse Buccino 
Dean, College of Education 
University of Georgia 
6-3 Aderhoid Hall 
Athens. CA 30602 

Robert L. Clodlus 

President „ 

Net lonsl Association of State Universities and Und Grsrt Colleg. 

One Dupont Circle NW 

Suite 710 

Washington, DC 20036-1191 

Kemit t. Carlid 
Professor and Chair 

College of Engineering, Department of Nuclear Engineering 
University of Washington 
Seattle. HA 98195 

Bernard R. Gifford 
Dean, School Education 
University of California Betkeley 
Berkeley, CA 94720 

Solomon W, Goloafe 

Vice- Provost For Research 

University of Southern California 

University Park 

Los Angelas, CA 90089-4019 
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Robert E. Gordon, Ph.D. 
Vice-President For Advanced Studies 
University of Hot re Daae 
Notre Daae, IN 46556 

Patricia Albjerg Graham 

Dean. Graduate School of Education 

Harvard University 

Longfellow Hell 

Apian Way 

Caabridge, HA 02136 
Robert A. Grose 

Dean, School of Engineering and Applied Science 
Columbia University in City of New York 
New York, NY 10027 

James A. Hefner 
President 

Jackson State University 
Jackson, MS 39217 

David laig 
Executive Director 

Aaerlcsn Association ot Colleges lor Teacher Education 
One Dupont Circle 
Suite 610 

Washington, DC 20036-1192 

Marvin E. Kauffaan 
Executive Director 
American Geological Institute 
4220 King Street 
Alexandria, VA 22302-9990 

Kenneth L. Klirwer 
Dean, School of Science 
Purdue University 
«ath /Science Building 
West Lafayette, IN 4/907 

Howard ftehllnger 

&ean, School of Education 

Indiana University 

W.W. Wright Education Building 

3rd and Jordan 

Bloosington, IN 4740* 

Sean P. HcGlynn 
Vice-Chancellor For Research 
Louisiana State University 
Baton Rouge, LA 70803-2755 
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Allan V Ostar 

Jterl«n\ssociation ol State College and Universities 
One Dupont Circle 
Suite 700 

Washington, DC 20036-1192 
Dale Parnell 

President . _ t m . , . 

African Association of Community and Junior College 

One Dupont Circle HW 
Suite 410 

Washington, DC 20036 



Paul C, Fear sun 
President 
HUfBi University 
Roudebush Hall 
Oxford. OH 4M>56 



Jaaes L. Pyle 

Director, Office of Rest-arch 
Bail State University 
HuncU. IN 4 7306 

Gilbert Sanchex. Ph.D. 
President 

flew Mexico Highlands University 
Us Vegas. NH 8 7 701 

J . Kenneth Shultis 
Professor 

Kansas State University 
Ward Hail 

Hanhattan. KS 66*06 



John S, Toll 
President 

University oi Maryland 
»altis»re, HP 21201 

George Wheeler 
Provost 

University of Tennessee 
505 Andy Holt Tower 
Knosvllle, TN 37996«0i«>4 



Kenneth D. Whitehead 

Deputy Assistant Secretary for Higher Education Programs 
US Department of Educarion 
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Laurel L Vlikening 

University of Arizona 

Tucson, AZ 85721 

Louise Cherry Wilkinson 

Dean, Graduate School oC Education 

Rutgers State University of New Jersey 

Nev Brunswick, JU 08903 

r. Karl Villenbrotk 
Executive Director 

Aserican Society for Engineering Education 
11 Dupont Circle 
Suite 200 

Washington, DC ?003fa 
Jark H, Wilson 

American Association of Physics Tearhers 

Executive Officer, Department oi Physics and A«;tro?io»y 

University of Maryland 

College Paik, MD 20 M 
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Education ? ATtel 
Energy Research Advisory Board 
Astute 
August 1987 
Holiday Inn, Maple Room 
Palo Alto, California 



i* : 00 Convene 

Introduction ->f Members and Staff 

Opening remarks 

Panel Overview and Charter 

4 : 15 Overview of Currant DOE Science 

Education Programs 



Mildred Dresselhaus 
Chair 



Antior*«tte Joseph 
Director 
Office of Field 
Operations Hgt , 



b:0Q NASA Ames Research Center 

Education Program 

3:30 Science Education Programs at the 

Lawrence Hall of Science/Lawrence 
Berkeley Laboratory 



Richard Reevts 

Associate Director 

Mar J or ie Gardner 

Director 

Lawrence Hall 

of Sciettce 
Roland Otto 

Associate Director 



6:1$ Science Education Programs at the 

Lawrence Llveroore National 
Laboratory 

7:0U Break for Dinner (The Greenery) 

o:00 Discussion 

o rsvlev of issues 

o future meeting dates 

o future speakers 

o staff studies or surveys requested 



Pat Heth 
Manager 

External Relations 



P«nel Members 



900 



Adj oum 
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Elation Panel 
Energy Rear arch Advisory Board 
Agenda 

October 9, 1987 
Forrest*! Building 
Roes 4A-110 



8.30 



Convene 



900 

10.00 
10:15 



Administrative Items 
Survey of Responses to 
Letters of Inquiry 



Science Education Progress 

at the National Science Foundations 



Break 
DOE 



Mildred Dresselhaus 
Chair 

Richard Stephens 

Director of Industry 
and Universities 
Programs 

U.S. Department of 
Enc ^gy 

BmssaiM Z. Shakashiri 
Assistant Director 
for Science 
Engineering Education 



University Consortia 

Perspectives on Energy - related 
Scientific and Technical 
Manpower Development 

11:15 Current Trends in Students 

in Science end Engineering 



12.15 Lunch 

1:15 Science Education Programs at 

Argonns National Laboratory 



2; 15 Discussion 
4:00 Adjourn 



William Felling 
Executive Director 
Oak Ridge Associated 
Universities 

Betty Venter 

Executive Director 
Commission on 
Professionals in 
Science and 
Technology 



Robert Springer 
Director 

Educational Progress 
Division 

Panel Members 
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Education Panel 
Energy Research Advisory Board 
Agenda 
December 16 and 17, 19S7 
Battelle Washington Office 
2030 M Street, N.V. 
Suite 800 



Itedneadav - December 1ft 

8 : 30 Convene 

Coffee end Panelist*' Discussion 
of Meeting Plans 

9 00 Department of Education 



10:00 Council of State Science Supervisors 



11:00 National Institutes of Health 



12:00 LUNCH 

12:30 Department of Defense 



1:30 Department of Energy's 

Follow-up of 1983 Bennett Study 

2:30 Discussion 

5:00 Adjourn 
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Mildred Dresselhau 
Chair 

Lawrence Grayson 
Deputy Director 
Poscsecondary Relations 
Office of the Assistant 
Secretary for Post- 
Secondary Education 

David Kennedy 
President 

William Pitlick 
Research Training 
Officer 



Ted Berlincourt 
Director 

Research and Laboratory 
Management 

Richard Stephens 



Panel Members 
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Tlmradanr. Itec—faer 17 

8:30 Coffee 

9:00 Minority Students in Preco liege 
Katheaatic end Science 

10:00 Science Service, Inc. 

11:00 firookhaven National Laboratory 

12:00 LUNCH 
12:30 Discussion 
5.00 Adjourn 



Cora Marrett 

Department of Sociology 
University of Wisconsin 

E. G. Sherburne 
Director 

Nicholas Saeiios 
Director 



Panel Members 



ERJC 



no 



A 



99 



Education P»n*l 
Energy Reeeerch Advisory Board 
Agenda 

January 12 and 13, 1988 
Bettelle Washington Office 
2030 M Street. N.V, 
Suite 800 



8:30 



Working Heetln£ 



Mildred Dresselhaus 



Richard Stephens 



Irene Hays 
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Education Panal 
Energy Research Advisory Board 
Agenda 

January 27, 1988 
Battelle Washington Office 
2030 M. Street, N.W. 
Suite 800 



8:30 Convene Mildreo Dresarlhaus 

Introductory Reaarks Chair 

Diaeuasion of Draft Report Panel 
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EDUCATION PROGRAMS 
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DOE'S PRECOLLEGE EDUCATION 
PROGRAMS 
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Appendix E 



Surrey 



DOE Pre-UMversity Education Program 
1S67 



Responses 

Facility Contact 

X - Allied Corporation Kathy Bien 

Bendix Kansas City Division 

X - Argonne National Laboratory Juanita Thomas 

X - Associated Western Universities . Melanie Russell 

X - Bates Linear Accelerator Facility William Lober 

X - Brookhaven National Laboratory Donald J. Metz 

X - Center for Energy and Environment Carlos Maysonat 

Research 

X - Environmental Measurements Laboratory G. de Planque 

X - Fens! National Accelerator Laboratory Harjorie 6. Bardeen 

X - Lawrence Berkeley Laboratory Lucy Day 

X - Los Alaaos National Laboratory Judith Kaye 

X - Mound Facility, Monsanto Research Howard Charbeneau 

Corporation 

X - NORCUS Brian Valett 

X - Oak Ridge Associated Universities Yvonne Sanders 

X - Oak Ridge National Laboratory . . Linda Cain 

X - Pacific Northwest Laboratory Irene D. Hays 

X - Paducah Gaseous Diffusion Plant Debbie Nattier 

X - Pantex Plant, Silas Mason Co » Inc G.L. Curtis 

X - Princeton Plasma Physics Latoratory Harold Furth 

X - Sand i a National Laboratory Ralph Bonner 

X - Savannah River Laboratory Jane 11 Gregory 

X - Solar Energy Research Institute Joan A. Miller 

X - Stanford Linear Accelerator Center Helen Quinn 

N - Aaes Laboratory Daniel William 

N - Inhalation Toxicology Research Institute Roger McClellen 

N - HSU-DOE Plant Research Laboratory Karen Kline 

N - Notre Daae Radiation Laboratory John Bent ley 

N - U.S. Department of Energy, Morgantown Wennona Browr, 

C - Coal Fired Flow Facility Charles Lee 

C - Hanford Engineering Development Dorothy Hansen 

C - Idaho National Engineering Laboratory Will las Toth 

C - Lawrence Live more Laboratory Ron Teunis 



X » Response; C * Contact, no response; N - No progra 



1oO 
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Tanjetad Audiences tor Prtcotegft Program* 



Ad MpC AcMvVM 
Classroom tnu auction 
Curriculum Dswtf vmsrtf 
In-House Toun, Lec&jnas 
Outreach 

Rasaarch Parttefcatton 
Spatial Evarfts 
Workshops and tnstfcrtas 




Numtoar of tfcnaa raportad as lafpaJ aucflenoe 

R88Q6011001 

Figuf»2, TaipatwJ aucftanoaa, wtwthtr stuOtfts of ttacfwcs, warv notad to components tn 195 

programs reported frotn 21 tatffttos Am; ona program componaflt may target bom students 
and laaphaw. 
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AffBftfix E 



Goals of Prscoltego Programs 



T&achoni 




T1 Entanof Content Knowtodgt 




T2 Improve tnstncttonaJ Strategies 








T4 Understand V teres loctonotogy- 







T5 Entenco fcgpucflonal Material 




TS Provkto Resovrws and Equipment 


^.V^ l ■ 


T7 Rawart Exotftor* TeacNng 


■ ■ 


Students 




$1 Enhsnop talenm m Sdenoa Covers 




S2 Enhance Sctonil* Lfceracy 






I i i i i i i i i i i i i • i i 



20 40 



60 80 100 
Nfcjmter of Programs 



120 140 160 
RSS05011003 



f)Quw i The goafe d 195 pnjcptepe p tpg mm al 21 DOE lacOtee wot reported. Any on© prpgran may 
full mom man one goal. 
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APPENDIX F 

STATUS OF RECOMMENDATIONS FROM PREVIOUS OVERSIGHT 



ENERGY RESEARCH ADVISORY BOARD 
ASSESSMENT OF DOg-UHITOSlTY REIATICSSHIPS (AUGUST 1983) 
STATUS OF R5COTTOTOATIGNS 



JMJOX lflWf/ M flDW gM MgMUS 

I DOE Follelss Regarding Unl vanity Support 

A. DOE should dovalop agtocy -wid» R6£ planning proctms, 



R Expand axiating systa* of advisory panals. 



C. Concantrata Mpport for Historically Blsc* Collaga* and 
Cnivarairias (HgCUs> in a fav covpstltivaly aalactad 
institution*. 



DOE should issus ag*ncy-vida policy stataa 
of unlvarsltiss in DOE prograata. 



int defining Tola 



DOC ACTIO* TO DATS 



Agancy-wida RAO planning procsjss has baan uodar 
roviav tor thrus yaars. Propossd Agancy H6D 
Coordination Council would provloa guidanca to 
pre xr a** }n preparing long range R&D plana . 
Opportunities would ba provldad for ax Carnal 
rsviavs of plana. 

Savors 1 n#v DOS program sdvisory coaaii tt aas have 
been added sines 1983 including Basic Energy 
Sciancas and Health and Environmental Panels. 
Univarsity scientists ars included on 
all existing advisory panals Sew policy 
directive on proposal review procedures/standards 
undar development. 

DOE support for HBCDs has lncrasaad a vary year 
sine a X?B3. Institutions with science/engineer ing 
capabilitlas have boon particularly suceassful. 
Nina formal eollaboraciva programs axist betvssn 
KBCUs and DOS labs. 

Policy itataaent on DOE -univarsity r slat ions 
issuad by Sac rat a ry Hodel in August. 19a*. and 
resfflraad by Secretary Harrington in January, 
1986- Statement Includes guidancs on support for 
students, joint univarsity- lab progrsaa , stability 
In univarsity funding, ate. EH has agency-wide 
monitoring function. 
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ksjch issass/usmawMzims 



DOS ACTUS ID DATE 



IX. DOS MiM|iMfit and P rwwwtt Peliciaa sad Procaduraa 



SOI should rsvisv ths spproprtstsusss of ths university 
proposal rsvisv precaduras uaad by ascb DOI cflica . 



». Dot ahould atrongly raaf f irs laportancs of unsolicitsd 
raasarch propoasla. 



C. ttalvaraltiaa ahould normally dsal with only ens DOE f laid 
of flea for all DOE contracts/grants. 



0. Grant a and sulti-yaar raaaarch awards ahould bs uaad to 
•upport univaraity raaaarch. 



£ Par Iodic nestings ahould bs hsld bstvssn univsralty 
administrator a and DOE proeuremant ataff to rasclv* 
problsas. 



III Rale' onahipa Batman DOE Labor at or i»» and UnlvaraUlaa 

A. laboratory raaaarch proposals ahould bs subjartad to ths 
asms atsndsrds of pssr raviaw as univsralty rm*»*fch 
proposal a, 



r 



1 



o C 



Proposal r«viaw procaduraa wars avslustsd In \9U* 
and procsduraa uaad by sscb program vara 
siissjwrlsad In ths DQS ^rt^rmm guiflg 

Unsolicited raasaxcb propossla rsasln ths 
principal swchanlaa uaad by DOS to support 
univsralty raassreh. 

Tfcia rsc 1 1 sail i ill at ion was sxtsnsivsly studied and a 
decision msda to rats in ths currant rational focus 
for univsralty awards Chicago normally handlai 
about two -thirds of all DOE raaaarch awards and 
continued afforta srs being mads to snsurs 
cunatatancy In a xacution/asml coring of univsralty 
awards by ths various f laid off lea a, 

E* tensive uss of raaaarch grant a to a upper t 
univaraity raaaarch bsgsn In 1985 . Rsaaarch 
grants srs sulti-yssr. 

Ragular ajsatings vsrs bald bstvssn DOE and 
univsralty staff ha ginning In 1W5 vith many 
isauas raaolvsd. Hastings era now hsld ss 
nacaaaary . 



ER conduct ad an in-dspth rsvisv of procaduraa 
uaad by both ths leba and DOE program ataff to 
rsvisv new rasssrch proposals from labs, 
Extsnaivs us» of scisntiflc edvlaory cossilttasa by 
ths labs vas no tad. DOE has iaauad ragular 
guidancs to ths labs on critaria for eons ids ring 
nsv rssasreh work. Annual on-aita institutions! 
rsvisvs of ssch lab includsa avaluatlon of 
propossd now rasssrch . 



to 
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1, Laborateriea should have groatsr discretion in ■ allocation 
of resourcse end in ■slsction of perfors»r» 



C. DOS should eneoure&e leboretorli* to develop collaborative 
reeearch progress with universities and industry. 



D Significantly expanded support should be provided for 
laboratory baaed faculty and student research/education 
appoinresnts 



£ Annual laboratory institutional reviews should include 
svaluation of each laboratory's relstionshipe with ths 
university rosseunicy 



IV University Participation in Energy Technology R&D 

A. Each DOE tschnology progiaa off ice should support 
unlvsrsity rassarch rslatsd to ptograoavstlc pa a da 



BEST COPY AVAILABLE 



DOt ACTIO* TO OATH 



Continuing ravisw* ara •ado of DOS policits/pro- 
ceduree fox reviewing laboratory work including 
provisions for subcontracting. In generel, ths 
isbs havs significant flexibility in deciding hov 
to illocats reeourcoe and/or to involva 
subcontractors including universities 

Secretary's policy atatesjent includes guidance to 
laba on joint raasarch progress with unlvsrsitiss 
and industry. A masbar of collaborativs progress 
hava boon developed with universities, fever with 
industry although rscsnt a aphasia on atiasilsting 
laboratory technology transfer say change this 

Since the ERAB report was released in 198?, DOE 

support for lsborstory education progress has 

increased frosi $*>H to $17 .3*,. Mow prarollage 

ecienc* progress havs bean instituted and five of 

the £11 sultiprogros laba hava bean clssslflsd ss 

Science Educe* ion Centers providing support for s 

range of fsculty and student progress including 

ecedeeic eesestsr appolntsjents for undergraduate 

studsnts and fecuHy/etodent tees rassarch during >— • 

the fussser . jTl 

The annual institutional plan and on- site reviews 
for each laboratory includee diecussion end 
avsiustion of laboratory* uni vera ity interactions 
♦ncludlng joint rssssrch progress, support for 
sussser end acade&tc yesr eppointsems for fsculty 
end studsnts, etc. 



The ERAB Panel was concerned about ths rslstlvs 
lab a lance in univaretty funding fro* DOE with 
over $0% of total university funding provided by 
the Office of Energy fteaesreh. Vnivsreity funding 
f rots the energy technology progress has not grown 
appreciably sines the ERAB report principally due 
to budget limitations The Office of Fossil snd 
Kuclesr Energy have ettaapted to increase support 
for university rsssarch but st rslerivsly low 
levels. 
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K4J0K ismm/mommmats 

B. The Bt Engineering Reaaarch Progr aa ahould be aignlf leant ly 
lncreaaed In aisa and acepe. 



C Inert**** support should be provided for competitive 
graduate fellowships In angina* ring disciplines 
apecificsily including nucleer engineering 



V DOS ROLE IN THE 0£V£U>FHEHT OF NEW PROFESSION*!, MANPGtfEg 

A. DDE should explicitly recognise lea obligation to play a 
aignlf leant supporting role in the ova rail national effort 
in tachnology aducetlen 



fi DOE ahould Initiative an agency >vide graduate and 
poatdoctorel fellovahlp progre*. 



DOS ACTIOS TO MTV 



Increased funding haa boon provided' to thJa 
pregrea eince 19B4 including support for an 
innovative joint laboratory -unlveraity reeearch 
progr aa In fundeaentoi engineering rasa arch, 
involving HIT and th* Idaho Rational Engineering 
Laboratory 

Support la provided for 75-88 graduate raeearch 
fellowshipe per year in nucleer engineering end 
fusion technology. The FY BS Senate /House 
Appropriation Bill for DOE elao Includes $1GH to 
Initiate e new raaaarch and graduate education 
pregrea In nuclear engineering Including at ieetr 
30 graduate fellovehlpe per yaar. DOE technology 
prograas have the authority to support graduate 
feilowehips In their raepectivo oiaeion ereee 



The EBAB Panel etrongly aupported an expanded role 
for DOE in scientific manpower develcpaent 
Including fellowshipe, postdoctoral reaeercher« 
end precollege prograaa . The Secretary' a 
univeralty policy atetenent explicitly cltee the 
importance of POE ■ up port for atudente funding 
for precollege and collage level student progreae 
st the DOE leba haa aubatentlally Increeeed alnce 
1983 Policy leval onderowaent for en increeeed 
DOE role in sartpower developaant and education has 
been provided by both OS TP and QHB. 

Conelderetlon ves given to re instituting an 
agency-vide graduate research fellevohip progrsa 
but the decision wao aede to support such 
fellovehlpe through individual DOE prograa off leas 
where there use e clearly Identified asnpover 
need. Poatdoctoral appointatants are provided 
through the Individual leba except for the 
agency- vice Hollander Postdoctoral Fellowships in 
Envlrorssentei Science. 
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C. IwmMd **phaal> should b# pi«c*d on attracting 
■or* ««n ml minority studanta Into d» rational 
BAT MBpmi pool. 



vx cxm?sicATio»s invnu w» aw> *na tmimsm coqiusxty 

A. «» ahotdd a»t«bliah • .uilar tmiwnity foruaj to tha 
fuccftMful •DGD-Univaraity Forum" to advis* on DOE- 
uniwairy rftUtionahipa mud concarna. 



I. D01 should Uorcvo th* diaaaaination of info ration to 
unlvonitU. about DOC raj.arcb naoda, program*, Int.ro.t. 
focilicift* 



D01 aupportad aducation and Mnpnir dcviiopMqr 
program Includa .pacific aaphaaaa on attracting/ 
supporting mm and Minority atudants. Orm 
program, tho BR Prifrutai Snginaaring frograa 
(PRE?), focuoo* on junior high achool 
*ws*n/ainority atudanta ozfmt prog rasa tond to 
iiracontrftto on atudanta "alraady in tha pipolina. " 



A propoaol km aada to and accaptftd by StcnUrr 
Hodoi to mt 19 « *H».tfniv»roitT forts." 
Hcn#av*r, rub»«q^i»nc concern* ovar tha nu^tr of 
DOS adviaory coanUttaaa ltd to t daciaion not to 
procood with th* Fort* tfnlwolty aciantiata ara 
actiraly iovolrod in «H currant m afiontific 
adviaory cosMittaas Including E£AB. Tha naad for 
on additional adviaory coasittao focuaod on 
univaraity concarna ia periodically raviawd by 



A cooprahanaiva £p£ Culda jgg frllgUM *aa 
publltbod in 1994 and riU ba raiaauad in 1987 
with tubaaquant publication on biamial baaia 
An on- Una coayutariaad data baa* on DOS program* 
ia alio undar davalooaant aa a companion to tha 
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Ms. Lloyd. Thank you very much, Toni. I do want to congratu- 
late the Department of Energy and certainlv express my apprecia- 
tion to Secretary Watkins, because he indeed is putting greater em- 
phasis on our educational programs. As a note of interest, Admiral 
Watkins was a student at Oak Ridge and he says at this time that 
he really just decided he wanted to stay in engineering, that he 
wanted to pursue his studies in nuclear engineering because he 
was really motivated while at Oak Ridge to go on and pursue 
greater excellence in his education. And that certainly speaks well 
for what we do at Oak Ridge. 

But I think at the same time that we do need to put science edu- 
cation on a higher priority with greater visibility and I would like 
to get your comments on science being perceived as a basic skill. 
Are we doing enough to elevate science to its proper role as we ap- 
proach the 21st century? 

Ms, Joseph. I serve for the Department on a Task Force on 
Women, Minorities and the Handicapped, and I think that experi- 
ence and the hearings across the country, as well as the inter-gov- 
ernmental meetings that have occurred since then, show that there 
really is a focus on just that area. 

There is an effort also on the Administration looking at technolo- 
gy transfer and looking at what initiatives might be taken in tech- 
nology transfer. And one of the subgroups of that effort is a human 
resources subgroup that will look at that component in science edu- 
cation, training of students and improvement of the science educa- 
tion system to provide a better science and engineering foundation 
for students that will become the work force of the year 2000, 

So I think there is, in Mp last two yea re at least, some signifi- 
cantly increased effort in just that a*ea. 

Ms. Lloyd. I think we need to say at the very beginning, we are 
not here to put down our educational systems or our teachers, our 
educators, in any way. We want to see what we can do to help the 
educational system, the role of the National Laboratory, the role of 
the private sector, the role of the Federal Government in not only 
improving the quantity, but the quality of science education, that 
we are here to help and certainly not to put down. 

1 am concerned about the number of students that are getting 
into the program. Are we attracting the top third, the top half— 
where are we really focusing in on the young people? 

Ms. Joseph. In the DOE programs, thpre is an emphasis on the 
top 25 percent of the students in each of tne program areas. This is 
true for the high school honors program, that is even a smaller seg- 
ment, probably the top 10 percent. In the lab co-op and in the other 
undergraduate and graduate programs, we are talking about stu- 
dents who have grades that are in the top 25 percent. In addition, 
we have several targeted programs which are aimed, just as you 
say, not to replace the science education system, but to support it 
through enrichment programs. The prefreshman engineering pro- 
gram is an example of that for minorities and women in seventh 
through tenth grades, and that focuses on students with relatively 
high grades, but more importantly with an interest in aptitude and 
science, and the enrichment part of it is focused primarily on im- 
proving their math skills. 
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We also have a number of outreach activities which you will 
hear about in great detail, and these activities focus, across the 
board at all levels of student interest in the sort of turning on part 
of science, the magic of science in the early years, but also aimed 
at families and parents and the general public in creating a more 
supportive environment for students to be interested in, to fear 
less, science and math and to see the enjoyment and the excite* 
ment of science and math. 

So the Department, actually through its laboratories, covers the 
gamut but, in fact, does emphasize the top 25 percent of the stu- 
dents coming out in its major support program. 

Ma Lloyd. I have one final comment and then I am going to give 
"the microphone to Congressman Schiff, but this troubles me be- 
cause I think it is important that we not only define who our scien- 
tists and engineers will be, they are not all going to come from the 
top 20 percent. I think we need some programs for the average stu- 
dents and I think we do need to put greater emphasis on the pro- 
grams for minorities, for women, because there are a lot of young 
people that need to be motivated, that really need to be turned on 
by science and I do not think they are necessarily always in the top 
20 percent. 

I think as we look at our mission, redefine our mission, that 
maybe we ought to broaden the base of our support of programs for 
those that may not be in that top 20 percent 

Thank you. Congressman Schiff. 

Mr* Schjff. Thank you. Ms. Joseph, thank you very much for 
coming today. 

There is just one area I would like to ask about I enter into the 
Science, Space and Technology Committee with a notion that of the 
groups you have even named, I think the group that is most left 
out is women, and I base that on the idea of stereotypical effect. In 
other words, men are pilots, women are stewardesses; men are doc- 
tors, women are nurses and all that I am a lawyer by training and 

Erofession and I can tell you that the University of New Mexico 
aw School, when I graduated in 1972, was three percent women, 
today it is 52 percent women. The University of New Mexico Medi- 
cal School is probably up to about 20 percent women now. 

I just wonder in the area of science and technology, and I know 
that is a rather broad question, but are we turning around there? I 
mean, are young women students convinced that they can also be 
physicists, mathematicians and chemists or are there still mind 
blocks here to that? 

Ms. Joseph. I recommend one report that has recently come out, 
it is called Everybody (hunts and it is from the National Research 
Council, with the emphasis on the importance of mathematics in 
science education. And one of the areas that I think they do an ex- 
cellent job on is on looking at the problems that women face very 
early in their education of stereotypical attitudes toward women in 
mathematics. 

I think the programs— and we helped fund the project Everybody 
Counts— the programs that they recommend, including things like 
family math and real family orientation, to take away these stereo- 
types, are things that are needed. They have a kit that goes out to 
the PTAs in the schools to help start removing some of those 
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stereotypes. I think those kinds of things will take a long time, but 
I think that, just as medicine and law have changed m terms of the 
participants, so have there been increases in the pipeline for 
women particularly and for minorities in the last decade in science 
and engineering. Women, of course, are going to soon make up the 
majority of students in higher education if the demographic date 
continues the way it looks, and a significantly higher portion of 
women did enter the science and engineering pipeline over the last 
15 years. I think it might have gone from 15 to 80 percent But ail 
of those trends, I am sorry to say, have leveled off, and, in the case 
of minorities, have begun to dip down. 

And if you look at that as the resource for 90 percent of the new 
entrants into the work force being women, minorities and immi- 
grants, it is clear that much more needs to be done to continue to 
attract them into the pipeline and to keep them in the pipeline. 
And my guess is that programs in mathematics enrichment should 
probably be one of the focal points, all the way from the earliest 
grades through the programs that we have in the Department of 
Energy as well. ... . ... . 

Mr. Schiff. I would just like to make the observation that this is 
a difficult area, because on the one hand we can't ignore the lack 
of equal opportunity from whatever cause for certain groups— and 
like I say in my opinion, especially women in this area. At the 
same time I am not a believer in quotas, I am not a believer that a 
certain number of slots should be kept open in, say, a National 
Laboratory for people just because of their background in any way, 
shape, or form. And 1 think you said the key word, it is pipeline. I 
think the way to achieve ultimately equality and equal opportunity 
is to, for special efforts to attract the brightest people from all 
groups, but especially from these groups, into the pipeline so that 
they will become, by virtue of their own talent, our top scientists, 
mathematicians, and so forth. 

Thank you very much. 

Ms. Joseph. Thank you. 

Mr. Schiff. Thank you, Madam Chairman. 

Ms. Lloyd. Thank you very much, Toni. We appreciate your par- 
ticipation and for being with us, and we appreciate the good job 
you are doing, and again our best wishes to Admiral Watkins and 
tell him that we appreciate his initiative and his interest in science 
and engineering education. 

Ms. Joseph, f will do that, Madam Chairman; thank you. 

Ms. Lloyd. On our first panel today, we have Dr. Alvin Trivel- 
piece, certainly a good friend of this Committee, and we are de- 
lighted that he is now the Director of the Oak Ridge National Lab- 
oratory, he is a great scientist; Dr. Robert Springer, also of equal 
accolades, who is with Argonne National Laboratory —we have an 
all star cast today— and Dr. Manuel Perry of Lawrence Livermore 
National Laboratory and Mr. Bill Willis, Executive Vice President 
of the Tennessee Valley Authority. Let me just say, of course, that 
TV A is not a National Laboratory, it is a Federal agency and cer- 
tainly a great resource that we have here. They have a grea* con- 
tribution to the subject that we are discussing today. 

It is always a pleasure to be with you, Dr. Trivelpiece, and we 
look forward to your testimony. I would like to again remind you 
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that all of your complete written statement will be made a part of 
the Congressional Record and you may proceed and summarize as 
you wish. 

Panel 1 

STATEMENTS OF DR. ALV1N W. TRIVELPIECE, DIRECTOR, OAK 
RIDGE NATIONAL LABORATORY; DR. ROBERT W. SPRINGER, DI- 
RECTOR OF DIVISION OF EDUCATIONAL PROGRAMS AT AR- 
GONNE NATIONAL LABORATORY; DR. MANUEL PERRY, HUMAN 
RESOURCES PLANNING AND DEVELOPMENT, LAWRENCE 
LIVERMORE NATIONAL LABORATORY; AND DR. WILLIAM F. 
WILLIS. CHIEF OPERATING OFFICER, TENNESSEE VALLEY AU- 
THORITY 

Dr. Trivelpiece. Is this the auditorium microphone here? 

Ms. Lloyd. I think we are limited with microphones today and 
we are going to have to share a little bit Please proceed. 

Dr. Trivklpiece. Thank you, Madam Chairman, it is really a 
pleasure to be here. Mr. Schiff, nice to see you. 

I want to congratulate the Committee on having a hearing on 
this subject. I think this is very important to do. It is sort of tradi- 
tional to say it is always a pleasure to be here, there have been 
many times for the Administration when I have testified under cir- 
cumstances in which the Congress was displeased with some aspect 
of the Administration's performance or activity and although you 
say it is a pleasure, it is not quite. In this case, it is not only a 
pleasure, it is really a joy. I am pleased to be here. 

Ms. Lloyd. You know, we cover a lot of ground, but I think this 
is a new day for the Department of Energy with greater emphasis 
on science and engineering education, and I am just thrilled to 
death, may I say, with the new Secretary. I think he is doing a 
good job and I think it is going to be a good four years anyway. 

Mr. Schiff. Excuse me, Doctor— I assure you I will not make a 
habit of this, Dr. Trivelpiece, but I just wanted to add that I have 
had an opportunity to sit down with Admiral Watkins to discuss 
matters personally with him, and I just want to echo that. I think 
President Bush's selection was very fine in this case. 

Ms. Lloyd. Please proceed. 

Dr. Trivklpiece. You have my prepared statement, as you indi- 
cated, it will be in the record. 

Ms. Lloyd. Without objection, your entire statement will be 
made a part of the record. 

Dr. Trivklpiece. And it has a lot of details in it and I am not 
going to try to cover all of those details. Toni has covered some and 
of course the AEC and proceeding through the Department of 
Energy has had a rather remarkable effect on the educational 
world, and I only want to add a few things. 

You mentioned that Admiral Watkins had attended the school at 
Oak Ridge and that he had benefited from that. I have had the ex- 
perience of going all over the United States and all over the world 
and having people say that I attended the something or other 
school at such and such a laboratory, or I received a grant from the 
Division of Nuclear Education and Training from the AEC, and I 
was greatly distressed when during the Nixon Administration, for 
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reasons that people thought our supply of scientific manpower was 
too high, that many scholarship and fellowship programs were cut 
back, and that program in the ABC at that time was terminated. I 
thought then it was a mistake, I still today think it was a mistake 

then. . , _ . 

The Department has a lot of programs, and so does the Laborato- 
ry, but before starting this, I would like to acknowledge Lands 
Cain, who is accompanying me here today from the Laboratory, 
who is the individual that in fact gets the work done on many of 
the Laboratory programs. , . . 

We have programs for everyone, in the sense of adults and teach- 
ers. We have an activity that involves ecology and the physical sci- 
ences, and this takes place out at Freels Bend at the site where the 
graphite reactor was. As you know, that's now a historical site and 
it is a facility where teachers and students and adults can come. It 
involves K through 12 activities, each unit is a half day, it involves 
such things as superconductivity, the geology of east Tennessee, 
how predators go after each other— such things. So it has been an 
interesting opportunity for a wide collection of people to have some 
involvement. , . 

Toni Joseph mentioned the PALS program, the Partnerships in 
Science at the Laboratory, started in 1988 and involves a memoran- 
dum of understanding between Oak Ridge National Laboratory and 
the Oak Ridge Schools. It involves speakers becoming involved in 
high school and equipment loans and so on. 

We also have programs for students all by themselves, pre-col- 
lege students. There is an activity which goes under the acronym of 
SEED, Summer Educational Experience for Disadvantaged. It was 
started by the American Chemical Society. They have had about 
2,000 students go through this, this is the second year that this has 
been at Oak Ridge and we expect about seven to eight participants, 
and it involves a ten-week program in which juniors and seniors 
are involved in it and it is a $1,000 stipend, half of which comes 
from the American Chemical Society and half of which comes from 
donations. And as I said, that is primarily for the disadvantaged 
students. . . „„ n . , . , 

There is a local honors program started in 1986, involves high 
school students in the Oak Ridge area, some 20 students have been 
involved. This does not have a regular formal clock associated with 
it, but it rather anticipates whenever students are available, mem- 
bers of the Lab are available and it is a matter of mutual interest, 
and so we are prepared to do that. , , 

On a national scale of course, as Tom mentioned, we are involved 
with the teacher research associates. There are 13 teachers at the 
Oak Ridge National Laboratory, they spend something like eight 
weeks there. This is a program which I have watched while I was 
at DOE from the various Laboratories, and I think they have done 
a superb job. Berkeley has, with a lady by the name of Peggy Car- 
lock, who is involved in the National Science Teachers' Association, 
has made a remarkable turnaround in some of the areas in schools 
in the Berkeley vicinity. . , 

There is a high school honors program and, as Tom indicated, 
that did get started during the time I was at DOE. And I know you 
have complimented Admiral Watkins, I think it is also important 
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to realize that the past three Secretaries, although they have per- 
haps not been as vocal, have in fact been interested in this subject, 
beginning with Secretary Edwards and Secretary Hodel and cer- 
tainly in this case, this program owes its existence in great meas- 
ure to Secretary Herrington, who the very first time wEp^ I began 
to brief him for his confirmation hearing, said can we do anything 
with the national laboratories to inspire youth to consider careers 
in science and engineering. I thought he was joking and I thought 
it was the new boss just with a new line. He in fact kept it up, and 
it was through his insistence that we ended up suggesting that 50 
students, one from each State, in computer sciences go out to the 
Lawrence Livermore Laboratory and work on the Cray for two 
weeks, and I still remember with some fondness when I called the 
Director of the Laboratory at that point and asked him what he 
thought of having 50 high school kids running around Livermore 
Laboratory for the summer working on the Cray, you could hear 
his heart stop beating at the other end of the telephone line. 

The reason that I mention that is that I think the Lab was some- 
what apprehensive in having them there and perhaps even a little 
bit resistive. That resistance changed from that to enthusiasm to 
do it again the next year. And part of the reason was the Laborato- 
ry scientists with whom I talked said that one of the more impor- 
tant things was it changed them as much as it changed the stu- 
dents, that having bright young students around asking questions, 
even though they were in high school, was an important ingredient 
for the lab, and they would want to continue doing it even if the 
Department did not. 

Another thing that I found fascinating is 1 had the good fortune 
to go out and meet these young students during that first summer, 
and you might well expect they were impressed with the opportuni- 
ty to get to meet a Nobel Prize winner, they were impressed with 
the Cray, they were impressed with the other experiments at Liver- 
more, they were impressed with the staff. But you probably would 
not guess the thing that impressed them the most. And rather than 
ask you to answer this rhetoric question, I will answer it for 
myself. What impressed them most was each other. It was the first 
time in their lives that these young students had had contact with 
individuals of their age who were as smart as they were. These 
were some of the very nest in the nation. They immediately formed 
a computer network so that they could communicate with each 
other by teletype and the like, and they have since maintained 
some contacts. Seventeen of them went back to Livermore the very 
next year to work there at the Laboratory again. I am sure that 
this will pay rich dividends 10, 15, 20 years from now. This same 
group of young students will have networked with each other and 
will nave maintained this kind of contact 

The DOE labs can do a lot more. I think this is the main point 
that I want to get across. The situation is not saturated. Very little 
money and a little bit of volunteer time goes a very long way rind 
by no means are the laboratories overrun with or saturated w ith 
students. This could in fact be expanded I think very, very effec- 
tively. Things are done for postdoctoral students, for graduate stu- 
dents, for undergraduate students, for high school students, for 
adults. It involves institutions such as the Oak Ridge Associated 
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University who I guess you will bear from later, Southeastern Uni- 
versity Research Association, historically black colleges. We have 
relationships with the University of Tennessee at Knoxville and 
the — you had mentioned earlier this distribution problem, and of 
course it is true that something like 20 million new workers will be 
here in the year 2000 and that something like 82 percent of them 
will be female, non-white and immigrant 

The DOE is as much a consumer of talent as it is a producer of 
talent* The DOE will not be able to continue its work, as you know 
there is something like 115,000 employees in the Department of 
Energy and its laboratory and weapons and other complexes and 
probably 30,000 of those are scientists and engineers, a very large 
number. So it is I think a responsible position for the Department 
to take to try to help contribute to the pool of such talent in addi- 
tion to being one of the consumers of the talent. 

I know for sometime your now departed colleague, Mr. Wydler, 
was always interested in technology transfer and pushed hard, and 
there is a bill that bean his name, Stevenson- Wydler. He was in- 
terested in tech transfer and how the laboratories can be better 
used to get patented things out. Those are things that you can keep 
score on, patents. But I submit that the kind of investment that we 
are talking about here in young students, is also tech transfer. The 
time reach may be very long; 10, 15 or 20 years and ability for you 
and others in the government to keep score and say well yes it has 
occurred because there have been this many patents may be more 
difficult, but this is really tech transfer. I believe it is very impor- 
tant. 

Once again, Madam Chairman, I congratulate you on having this 
hearing and I would be prepared to answer any questions. 
[The prepared statement of Dr. Trivelpiece follows:] 
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TESTIMONY 

SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT 

May IS. 1999 



Aivln W. Trlvalpiece 
Oak Ridge National Laboratory 

Madam Chairman and Members of tha Subcommittee, I am pleased to hava lha 
opportunity to tastily before this Subcommfflae to present my views on science 
education and tha rote of tha Department of Energy* (DOE) National Laboratories. 
Although this is not my first appearance before this Subcommittee, I look forward to the 
occasion since tha topic of science education Is one which has assumed critical 
importance to our nation, ft to also an area in which I have had a long-term personal 
commltmant having spent much of my aduft Sfe involved in science education, For 
nearly twenty years, I taught at the university level and while at the American 
Association for tha Advancement of Science (AAAS). I was actively Involved in 
educational activities. The organization of my testimony wilt provide a brief historical 
perspective of DOE involvement in education at the National Laboratories, a rather 
general overview of post high school programs at Oak Ridge National Laboratory 
(ORNL) ami highlights of several successful undergraduate research programs carried 
out at National Laboratories. I intern! to focus my attention on precollege programs, 
discussing }r some detail several precollege initiatives at ORNL. ! greatly appreciate 
your interest and concern and anticipate a most worthwhile hearing. 



Historical Efttinmba 

DOE has a long history of involvement in education from its beginning In 1946. When 
one considers that DOE National Laboratories are major employers of scientists and 
engineers, the Interest by DOE in education is most logical. In feet, K would not be an 
exaggeration to say that DOE has a vested interest in education, particularly in the 
areas of science, engineering, and mathematics- To quote Secretary of Energy 
Watklns, *l know that the Department of Energy's National Laboratories are home to 
some of the world's brightest and most innovative scientists and engineers. These 
creative minds are a precious asset am) will be encouraged not only to continue their 
basic research, but also to improve the process by which new technologies are 
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transferred to American Industrie small businesses, and universities.* Historically, 
the involvement in education has been focused m higher education wffii emphasis on 
research appointments at the faculty and poet doctoral level* Eventually, 
undergraduate programs were developed which also focused on research 
opportunities for students. While educational activities a! the National Laboratories 
are funded In a variety of ways, the bu& of the funding for educational programs 
comes through me Office of Energy Research (OER). 

The educational Nnks between the laboratories and academic institutions are seen as 
beneficial to both In that: (1) faculty, students, and staff scientist* have access to 
research facilities that may not be available at the base institution end contribute to the 
on-going research at that guest faciSty; (2) faculty, students, and staff scientists interact 
with professional personnel beyond that of the base institution; and (3) students 
participating m research programs provide an "experienced pair of hands" and a pool 
of capable students to be encouraged to pursue graduate degrees or to consider 
employment at the National Laboratories, 

From the formation of the Atomic Energy Commission (AEC) in 1946 through a 
restructuring in 1974 to the Energy Research and Development Administration (EROA) 
to Its present status as the Department of Energy, initiated in 1977, the involvement 
with education has been remarkably consistent over time, in fact, it Is interesting to 
review Institutional Plans (IPs) for ORNL during these eprlUr times and note the 
similarity of goals to those expressed in the current IP. The goah*. jutte consistent 
from 1976 through the present, excluding reference to preco liege activities which did 
not appear until 1987, include an emphasis on the importance of an adequate supply 
of scientists for the future and a need to expand opportunities for minority participation. 



Programs For Pout High School Student* at ORNL 

The laboratories do an excellent job with existing programs in Interacting with college 
and university students and faculty. At ORNL, various methods are used to recognize 
and document such interactions. About 1000 university-based researchers, supported 
in a variety of different ways, are housed annually at ORNL In FY 1988, there were 
over 250 subcontracts with over 100 different colleges and diversities and over 5000 
university-conducted experiments with our 'user facilities,* (research facilities 
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available for shared use). There are many other long stancfing, ciose collaborations 
batman ORNL ami imfivtdual universities thai ara based on mutual research 
Internets, These collaborations support research proQmms at such prestigious 
colleges and universities as Massachusetts Institute of Technology, University of 
Ifflnoie, University of Cafiforoia at Beriieley. University of Cafifom® at Santa Barbara, 
and Duke University. Thasa collaborations often involve active exchange of students 
and faculty while carrying out research of mutual advantage. WhHe ORNL has Joint 
activities with educational Institutions on a national and International basis, at the 
same time, a special relationship does exist with the University of Tennessee at 
KnoxvHie (UTK). This special relationship Includes: extensive interaction between 
both staffs; involvement on advisory boards of both organizations; and the Science 
Alliance, a memorandum of understanding (MOU) sponsored by the State of 
Tennessee which encourages Joint collaborative research between ORNL and UTK. 
The Science Alliance is highlighted by the Distinguished Scientist Program, which 
seeks to attract scientists and engineers of high national and International stature who 
than have joint appointments at both UTK and ORNL There are also several 
specialized UTK graduate programs (Oak Ridge Graduate School of Biomedical 
Sconces and Graduate Program in Ecology) located at ORNL, as wall as the UTK 
Graduate Program located in Oak Ridge which offers evening courses to those 
pursuing advanced degrees in scientific and engineering disciplines. 

Over 250 post high school students and faculty took part in research-based programs 
at ORNL in FY 1988 through the OfficS of University and Educational Programs. The 
various research-based programs, many a cooperative effort with Oak Ridge 
Associated Universities (ORAU), a consortium with whom ORNL has a long and 
successful relationship, span the academic level of programs supporting 
undergraduates to those supporting faculty research. The goal of DOE tor the»e 
programs is to help ensure adequate supplies of technical personnel for its future 
research mission. These programs have been monitored and facts exist which 
suggest that the goafs of these programs have been met. 



Minority Proomms at ORNL 

Existing laboratory programs are also proving successful in increasing the 
involvement of minorities tn laboratory opportunities. Money committed through 
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subcontracts to minority educational institutions (MEIs) has increased by over 
40 percent from FY 1987 values, Memoranda of Understanding with five MEIs wens 
established tn FY 1968 with the goal of increasing participation wth those Institutions. 
A unique pioneering science and technology alliance involving three National 
Laboratories, including ORNL, and three minority educational institutions, was 
established by DOE in 1987. Since that time, the Alliance has been successful in 
improving opportunities tor minority involvement at the participating National 
Laboratories. Through an equipment loan program in FY 1988, over $112,080 worth 
of equipment was loaned to tour MEIs. Eleven Field Worts Proposals (FWPs) were 
estabSshed to provide continuity of support with protected award commitments of over 
$3.3 ntiBon through FY 1991. 

There are several new initiatives recently announced by Dr. Herman Postma, termer 
Director of the Laboratory ami currently the senior vice president at Martin Marietta 
Energy Systems, Inc. These new initiatives address the need to affect in a positive 
way the number of minority teachers in Tennessee. There are three distinct new 
initiatives proposed by Dr. Postma. The ftef initiative has the goal of increasing the 
number of black teachers employed by the Oak Ridge schools through summer 
employment opportunities at the Oak Ridge fadSties. The second initiative cans for the 
expansion of the existing co-op program to accommodate not only students planning 
on careers in science and engineering, but also inducting those planning on teaching 
careers in those areas. The third initiative is similar to the co-op program in that 
summer-hire positions win be expanded to include intfviduaJs whose career plans are 
focused on teaching in science and engineering areas. While the overall focus of 
these new initiatives is to increase the pool of black teachers in Tennessee, these 
initiatives also provide an expanded opportunity for an teachers particularly those in 
the areas of science, engineering, and mathematics* (Information concerning 
educational programs at ORNL can be found in Appendix A which consists of the 
relevant material excerpted from the Oak BBM Nation ai Lflboratotv inaffiuttonsi Plan: 
FY 1898-1894,1 



Uftdarpraduata Rssaaich Fraarams 

There are several programs which support research experiences for the 
undergraduate. Some of these programs are for students working toward an 
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associate degree white others are for students aiming, at feast Initially, toward a 
baccalaureate degree. 

Budge Research Participation ISRP1 

Let us consider in detail one undergraduate program, the Student Research 
Participation Program (SRP), a summer research participation program for 
undergraduate students in which many research facilities, including ORNL serve as 
hosts. To NgMght relevant points, it can be documented that in 1987. 58 percent of 
students participating as SRPs from the years 1979-82 have received advanced 
degrees while 42 percent expect to receive Ph.D.s. Most of those who ted completed 
the Ph.D. saW the program influenced their decision to attend graduate school. An 
important fact in light of (tomographic studies concerning the changing nature of me 
future wo* force, is that females, more than mates, reported that participation in the 
research experience had an influence on their decision to attend graduate school, it is 
important to recognize that the SRP Program involved students from an 50 states, 
Washington, DC, and Puerto Rico. ft also included appointments at 40 different host 
laboratories across the United States. DOE laboratories, while ali involved in energy- 
related research, vary in many ways. Laboratories may be managed by universities or 
by the corporate world. And as universities and corporations differ, so do the 
relationships between the laboratories and their managing entitles. The laboratories 
may be single-purpose with a dedicated mission or muHi-purpose with diverse 
responsibilities. Consequently, students were present at a variety of sites under 
different conditions throug i the SRP experience. Nevertheless, research indicates 
fitUe variability in student data tor participation at the Afferent locations. The end result 
for the students was much the same, regardless of she. This suggests that the 
commonalty of participation in the SRP Program sponsored by DOE through OER is 
sufficient to ensure certain kinds of outcomes. Thus, the SRP Program serves as a 
representative model for the various kinds of student research programs sponsored by 
DOE and demonstrates the proven ability of DOE and the participating National 
Laboratories to implement and carry out successful educational programs. (A 
summary concerning the SRP programs can be fovnd in Appendix B which consists of 
program highlights excerpted from the LLS Department of Energy. Student Rftgaamh 
Participation Pmaram Profits and Survey nf 1973-1982 Participants.) 

5 



Mb 



129 



Sctanco Semester Fmqrams 

Several other undergraduate programs should be mentioned thai provide research 
experiences. Two such Science Semester programs, now in their second decade at 
ORNU operate through prestigious consortia of small, libera) aits colleges. A new 
program, implemented in 1987, and funded through OER, is the Sdence and 
Engineering Research Semester (SERS) program. Through the SERS Program, the 
potential tor attracting quality students representing a wide range of academic 
institutions is dramatically increased, and consequently the pool of potential scientists 
and mathematicians is enhanced. While these Science Semester programs have 
different names and (Efferent funding sources, they era simitar in that the emphasis is 
on the provision of a quality research experience which wi!! encourage students to 
pursue advanced degrees in scientific or technological areas. And of course, for the 
SERS Program, an additional goal is that students wifi return to a National Laboratory 
and take part in energy-related research. From the perspective that most participants 
do in fact pursue graduate degrees in science, engineering, and/or mathematics, 
these programs are successful It is too soon to determine if SERS students do 
choose careers in energy-related research. However, it is known that SRP 
participants, in rm*ny respects analogous to SERS participants, are three times mora 
likely to work in a federal government laboratory as are other U.S. scientists and 
engineers. This certainly suggests that SERS participants will exhibit similar career 
choices. (Information concerning educational programs at ORNL can be found in 
Appendix A which consists of the relevant material excerpted from the Oak Rides 
National laboratory Institutional Plan: FY 1933-1934.1 



Emsallm Education 
Basteauod 

There are a great number of studies that document the deficiencies Li our educational 
system in the area of sdence. engineering, and mathematics and while the numbers 
may change, the overall picture is the same* This painted picture is not optimistic but 
rather Male a report, Science and Engineering Education, (A complete copy of this 
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report is inducted In Appendix C) commissioned by tenner Secretary of Energy, 
John S. Herrington In 1987, had as its goal a 'review of DOS* activities with the 
education community to ensure that DOE Is playing «s proper rote vis-a-vis other 
federal agencies and the private sector fn the support of scientific and technical 
education and training/ The Energy Research Advisory Board (ERAS), charged by 
Secretary Harrington to develop this report, does a superior job In summarizing: (1) 
existing Sterature concerning the status of science, engineering, and mathematics 
education; (2) relevant demographic pretfettens; and (3) the Involvement of DOE In 
support of scientific ami technical education and training* This report not only 
summarizes existing information* but also develops recommendations tor DOE. White 
the scope of the ERAS report is broad, covering university, continuing education, 
precoBege, and public awareness, the balance of this paper will deaJ only with the 
areas of precoliege education programs and pubfic awareness. 

According to the ERAS report among many others, to ensure a iterate public and an 
adequate supply of scientifically educated and trained personnel, it is necessary to 
imp** the educational system at the preoollege level The efforts of DOE and the 
National Laboratories haw been successful In the area of college and university 
activities, meeting the goals of encouraging young people to pursue advanced 
degrees and to work In energy-related careers. However, afl indications are that to 
meet me needs of tomorrow, efforts in science education must begin at a much earlier 
period The success of DOE and the National Laboratories in its existing educational 
programs deariy suggests that the interest, expertise, and commitment is present for 
equal success In the precoliege area. Information exists which defines the national 
crisis in science, engineering, and mathematics and makes clear that to meet the 
needs of the future, efforts must be directed at the precoliege area That is rot to 
suggest that efforts at the college and university level be decreased but rather that 
efforts at me precoflege level be expanded, utiBzing the demonstrated expertise and 
resources of the National Laboratories. 

Part of the interest in precoliege education at the laboratories is linked to the growing 
concern of the public about the status of education, particularly in regard to education 
in science, engineering, and mathematics. Almost dally, the public is exposed to 
another study, another report, purporting to document the inadequacies in our 
educational system. There is a particular concern in respect to science, engineering, 
and mathematics education perhaps because these areas are seen as most important 
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to the ratfonl abfity to remain technologically competitive. Aoccrtfing to the ERAS 
report. tfrere is need for concern Ni respect to the number of students we educate in 
science, engineering, and ntattmofci as weB aa an equal concern in raapact to tha 
quality of this education. Many of our students appaar to ba neatly U§terate to any 
sdtntiflc sanaa. And a further causa for concern is thai of our "bast and brightest". Not 
only do an insufficient number of our test and brightest" choose technological 
careers^ Is a*so documented that when compared with the best of otter nations, our 
best do not compare weft, at least at me high school ievel ft appear* that not only are 
we educating our students poorly, we are educating an Insufficient number to 
adequately and effectively suppiy our future technological needs. To exacerbate the 
situation, not only are we educating students pocrfy, we are educating the wmng mix 
of students The composition of the work force is anticipated to change dramatical by 
the start of the next century with the white mate b eco m ing a minority (n this work force. 
And yet, particularly in the area of sdence. engineering, and mathematics, the majority 
of currant personnel are white males. Foreign students, who may or may not remain in 
this country, receive a disproportionate number of graduate degrees in the 
technological areas; women and under-represented minorities do not receive a 
proportionate number of such degrees. 

it seems dear that what is needed are programs that: (1) increase the number of 
students that choose careers in science, engineering, and mathematics: (2) improve 
the quality of education of those students choosing such careers; and (3) enhance 
public understanding and appreciation of science, building support for adequate 
science education and science potcy. it also seems apparent that schools need help 
in achieving these goals. That statement is not intended to be critical. It should suffice 
to say that our schools cany a heavy burden, often with inadequate resources, ft 
becomes important tor government agencies, the corporate wo rid, the professional 
societies and other Interested parties to work cooperatively with schools to ensure a 
Stareta population, Through such partnerships, the educational systems wiD become 
much stronger* 



Proof ma At Oak Rldoa 

At Oak Ridge National Laboratory, our educational programs reside for the most part 
In the Office of University and Educational Programs jUEP) where the majority of 

8 



151 



132 



funding is provided by OER* Within UEP, there are major areas of r*sponsto«ty 
induing programs involving universities, minority Initiatives, and preeoUege. 
Precoitege education is a most interesting and exciting area of responstoiSty. to part, 
(his is because precollege is uncharted territory, encouraging flexibility in assessing 
the needs and creativity to estabSshing programs to meet these needs. What are the 
needs? In one sense, the answer is quite simple. The needs are to (1) ensure a 
technological workforce which win meet our future needs and (2) prepare a 
scientifically Hterate pubBc. To meet the needs in the precoliege education area, 
programs at ORNL identify three target audiences. Those audiences are students, 
teachers, and the general pubBa 



geological and Physical Sflfmces Study Canter: Students. Taachars. General fubfic 

Students peer throu^; Microscopes and suddenly a drop of water comes afive; the 
connection betweei: **i rain, dying trees, and baste chemical concepts is made dean 
an appreciation and undemanding of our region Is developed through geological 
experiences and studies of adaptations of Tennessee animals; superconductivity as it 
relates to fundamental Ideas concerning the structure of matter Is investigated; insects 
as decomposers expose participants to insects as friend rather than toe; wolves and 
owls demonstrate the predator-prey relationship; and pinewood derby cam are used to 
explore basic relationships between distance and force. The Ecological and Physical 
Sciences Study Center provides half -day, "hands-on" science experiences for area 
students from Kindergarten through 12th Grade (K-12), teachers, and the general 
public. The Study Center, funded by UEP, is managed and administered 
cooperatively by the National Environmental Research Park (NERP) in the 
Environmental Sciences Division (ESO) and UEP. The Study Center was conceived 
and implemented in the Spring of 1984 through the efforts of NERP staff. At that time, 
several study units in the Nfe sciences were developed and used by the 12S 
participating students and teachers. The Study Center, since its inception in 19*4 has 
grown tremendously, serving over 15,000 students and teachers in the East 
Tennessee area. To make these figures even mors Impressive, Including adults 
involved in Study Center public awareness programs and workshops conducted on a 
national level for teachers and other science educators the total audience served by 
the Study Center approaches nearly 20,000. During this year's "slow period" (January 
through April), nearly 3,000 individuals wars involved in Study Center activities, And 
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whits the number of participants in the Study Center is rapidly expanding, there is 
nevertheless a waiting Mst tor participation in Study Center activities. 

The Study Center seeks to provide quality 'hands-on* science experiences for those 
involved in its programs. To ensure these quality science experiences, Study Canter 
staff is comprised of highly-qualified individuals, experienced teachers skilled In the 
teaching of science. There is also a Hnk with the science education faculty at UTK 
which gives added assurance of the validity of the activities. The most important goal 
of the Study Center is to provide "hands-on" science activities tor area school children 
and teachers. Whan children and teachers visit the Study Center, they am exposed to 
the joy and excitement of science with science presented as a dynamic and exciting 
process rather than as a collection of facts. The Study Center study units are not 
intended to replace the science of the classroom but rather to expand and enhance 
the traditional classroom experiences. 

The students, teachers, and other groups participating in the Study Center are diverse. 
They come from outlying rural districts, from the inner city, from public, private and 
home-taught schools, and from conventional middle-class communities Ail kinds of 
young people utilize the Study Center. The average, the academically gifted, ihe stow, 
as well as the disabled, participate In the Study Center. The cyentele range from the 
preschool child who participates through a home school program to the high school 
student who comes to learn of superconductivity, it is obvious that with such a diverse 
student population, the teacher population is also Diverse. White school groups are 
the heaviest users of the Study Center, we also serve such special audiences as 
scouts, science clubs, and the Southeastern Consortium tor Minorities in Engineering 
(SECME). an organization designed to encourage minorities to consider careers in 
science and engineering. 

The Study Center has two sites It calls home. For the many outside activities, home is 
the historical Freels Bend Cabin, comprising part of the 38,000 acres making up the 
Oak Ridge Reservation. The second home, established this past winter, makes use of 
the facility which houses the Graphite Reactor. Constructed in 1943 as part of the 
wartime Manhattan Project, the Graphite Reactor is the worlds oldest nuclear reactor 
and the first federally owned reactor to be opened to the public on a routine basis. The 
reactor operated through 1983 and in recognition of the significant contributions made 
by the facility, the U.S. National Parte Service designated the reactor a National 
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Historic Landmark in 1366, and in 1968, it was fonnally opened to the pu^ ft lain 
this pubSc area that the Indoor" study units ere carried out Thar* am soma definite 
problems associated with aach site M«, lack ot electricity, excessive ndse). Tha sites 
are Idea) in one Instant respect, thay ara locations where tha Stents am exposed 
to real adencel At Freels Band, a natural outdoor setting, students have tha 
opportunity to investigate biological phenomena, such as the rote of decomposers or 
water quaBty, in a natural environment At the Graphite Reactor Facility, tha students 
(especially the younger ones) are always filled with awe at the appearance of the 
reactor. This facility gives the student a concrete feeing of what trig science is alt 
about ft is difficult to envision a better piece to cany out "Hands-on- activities on 
superconductivity. Certainly a major need of the Study Center is a permanent, year- 
round home. Experience with the Study Centsr makes dear that dose access to "real 
science" adds an important component for children (and adults) in fostering an 
understanding and appreciation cf science. To have Study Center activities take 
place tfstant from the laboratory not only loses the link of science ami the laboratory, 
but also loses the positive public relations component of students and teachers seeing 
friendly laboratory staff at work. 

Not only do students benefit from quality science teaching at the Study Center, 
teachers also benefit Teachers are able to observe master teachers in science, 
receive curriculum materials for use in their own classrooms, and fink with the many 
resources of the laboratory. Special workshops utilizing the Study Center units are 
conducted tor teachers through the Study Center allowing teachers the opportunity to 
expand their own teac^ng skills and develop their own knowledge base without the 
Involvement of students. 

For the future there are several areas within the Study Center for expansion. First, 
there Is a need for simple growth of the Study Center Itself. At this time, there *s a 
waiting fist for participation in the Study Center units which Is nearly as great as the 
number of actual participants. Participation in the Study Center is flmited by space 
and teaching staff. The Study Center presently has many of Its study units adapted for 
use by the disabled; plans are being developed to continue to expand in this area A 
major tool of the scientist is mathematics and consequently Study Center activities 
currently include use of mathematical skills and tools; this Is another area for further 
development Teacher training is also expected to play a more important role in the 
Study Center with a greater number of programs for teacher-training being developed 
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and ooonfinated through the Study Center, utilizing the expertise of Study Center staff 
and as a ca demi c ftnke. A specific proposal to ft* National Science Foundation (NSF) 
to bring developed tor a three year teachertraMng program la be implemented in tfia 
summer of 1990. For ORNL, this cafe for training of (K-6) teaches* in the area of 
material sciences. This Is part of a jotnt effort to present a muftJIabontory proposal to 
NSF witli the goal thai sums of tfta individual laboratory strengths wiil ba mow than the 
strengths of tfta Individual parts. The Study Canter wriP serve as the coordinating body 
for tha management ami administration of tha program. FInaBy, tha Study Cantor 
intends to become mora visible in tha area of pubBc awareness, planning mora 
programs for the general public as well as tor family involvement, ft does seem dear 
that if the Study Canter is to grow In the many dimensions seen as Important, 
expanded space and staff becume important 



National Programs for Students At ORNL 

The procollege pnr ~"am at ORNL has other programs whose primary focus is students. 
Two of the programs are part of highly vtabis national programs. The Department of 
Energy, through OER, sponsors the High School Science Honors Program. This 
Program brings to participating laboratories outstanding high school students from 
across the country ami selected foreign countries. Each state and participating foreign 
country sends one student to ORNL for a two-week research experience in the 
Environmental Sciences Division (ESD). The theme of the Program at ORNL is that of 
Environmental Impact; students join staff scientists in ESD in investigating 
environmental issues grouped around throe major areas: global carbon/greenhouse 
affect, tow-fevel hazardous waste management, and problems stemming from air 
pollution. Students are housed at Maryvifle College where they are able to make use 
of the many recreational opportunities available at the smaO* Bbaral aits college. 
During their stay at tha laboratory, students are Involved in research activities, lectures, 
small group seminars, role playing, and of course, social activities* The Program at 
ORNL la a great success and this Is tfroctly related to the commitment and leadership 
of the staff in ESD. Over 100 staff members were involved in last year's Program, a 
major factor in the excellent Program carried out at ORNL 

Project SEED Is a national program sponsored by the American Chemical 
Society (ACS). The goal of SEED is to encourage young people who might not 
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normally consider careers in science, engineering, and mathematics to consider 
careers in those mat. SEED students take part in a ten-week summer program for 
which they receive a stipend of $1,000 {part of which is suppfied by ACS). Ae part of 
the SEED program, students are matched wth a mentor and take part in on-going 
research, develop and submit a written report of the research, and participate in career 
education activities. 



Local Program For Students At OflNL: Sfifldfll "cnnr* 

A focaJ program for high school students is the SpedaJ Honors Program for High 
School Students. TNs program Initially provided academic year research experiences 
for academically gifted high school students. Students join their science mentors in 
developing a research plan and work together to establish an appropriate approach to 
the problem, in want years the program has been expanded to provide such 
research opportunities during the summer and to facilitate participation by college 
students. There is no pay for students involved in this program. The students 
participating in the Special Honors Program have done research in a wide variety of 
areas including, but not Nmrted to calculating diffusive loss in a rippled tokamak, 
writing computer programs for simulating and displaying diffusion limited aggregation, 
the study of ceramics using x-ray techniques, determining the effect of grazing by 
snails on different growth forms, and mapping of genes arising in transgenic 
experiments. 



Local Pmaram for Teachers and Sturfanta- PAL$ 

A new program with dramatic potential is the Partnerships at the Laboratory in Science 
(PALS). The PALS program began, and is still primarily, a partnership with the 
science departments of the Oak Ridge Schools. As a result of this official partnership, 
a speaker/demonstrator program his been developed and an equipment loan 
program Is being implemented. Also, through the Partnership, students in the Oak 
Ridge schools are involved in an ongoing research effort to characterize the Cedar 
Barrens located close to Jefferson Junior High School. Teachers now have a formal 
method to Interface with the laboratory. The PALS program provides a mechanism for 
organizations to interface with laboratory resources ami the schools. For example, the 
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precofiege program is now invoked in the various school "invention" programs, such 
at Invent America' end "invention Convention.' While the Partnership Is cffWaBy with 
the Oak Ridga Schools, the PALS program aNows the laboratory to respond to 
requests from other school systems. As other systems team of the PALS program, 
they are eager to be involved and do not hesitate to make comae!. Such Interactions 
are important opportunities to Influence science education ki East Tennessee, in rural, 
urban, end dty schook, and ft another area in which expansion & important Through 
me PALS program, it becomes possible to implement an extensive outreach program. 

Programs such as the High School Science Honors Program, Project SEED, Special 
Honors, and PALS are ones which are heavOy dependent on laboratory personnel. 
For these programs to exist and be successful, staff members must be wiling to give of 
their time. The staff at ORNL is outstancfing in their support of precoHege initiatives. 
They excel in their willingness to be involved in proofless science education. Without 
exception, virtually any reasonable request can be honored because the scientists 
support precoBege programs. This support may range from mentoring a high school 
student, to speaking in an elementary classroom, to working with the High School 
Science Honors Program, to developing curriculum, to giving of their Saturdays to talk 
to teachers. There is no tf red pay-back to the staff. With precoBege students, the 
"break-even* point in respect to research contributions is rarely met as it often is met 
with other research participation programs. There is no mechanism tor reward to the 
staff in any monetary sense and yet, the staff scientists continue to be supportive of 
precoflege education, ft is obvious the staff is concerned and caring and wants to 
contribute. They contribute for a variety of reasons: out of altruism, because they want 
to return some of what they were given; because they want to help in the educational 
process; and because they enjoy working with students. There Is another reason they 
contribute and that is a most important on*~they want to pass on the joy of science 
and fte excitement of the scientific process. A good question is "why do people study 
science?* There are many good, possible answers to explain why people study 
science. Economic strength, technological leadership, the assurance of an adequate 
defense, are alt good reasons to study science. But when a scientist is asked why he 
or she chose science as a career, the answer is almost always the same. Science is 
fun) And that is what our staff wants to pass on to young people- the excitement and 
fun of science. 
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imW PmtamHMAs0fiHL 

The laboratory Is actively Involved In teacher enhancement program*. Through tha 
Study Center, teachers observe eaampfaiy science twcWng and h«w» tt» opportunity 
to tax* port In workshop* designed to assist in Improving the teaching of "hands-on' 
activities, tn s mora structured manner, there ara several summer programs st the 
la b or a tor y which support research appointments for teachers. DOE. through OER, 
funds tfcs Teacher Research Associata (TRA) Program. Teachers are selected c:. - 
national basis for placement at a participating laboratory. Teachers ara then matched 
with a mentor and take place In an eight-week research experience. The teachers 
receive a stipend of $500/week and a housing aSowanee for those from out of the 
area They also take part in seminars and In curriculum development activttlBa. And, 
of course, there are social get-togethers! Science Teachers Research for Vital 
Involvement (STRIVE) is a similar program which is a cooperative venture of Oak 
Ridge Associated Universities (ORAU) and ORNL Another summer opportunity for 
teachers is in connection with the High School Science Honors Program. Teachers 
are hired to work as counselors for the Program, serving as a OaJson between the 
students and the scientific start This provides teachers with the opportunity to work 
with the "best and brightest" and to participate In research activities in ESD. 

Another way the laboratory links to the teaching community is through Partners for 
Resources in Science and Mathematics (PRISM). PRISM Is a regional group of 
teachers who meet on a regular basis to plan, develop, and organize teacher 
workshops for area teachers. They have developed a plan for an equipment loan 
program along with a loan "wish tat" for area schools. PRISM also serves as an 
advisory board to assess preco liege programs under consideration by the laboratory. 

An excellent example of the kind of linages to be promoted is referred to as the "Jane 
Whttaker Story.' Jane is a science teacher at Lenoir City High School, serving as 
Chapman of the Science Department, and Is an outstanding science teacher. Jane 
has participated in the High School Science Honors Program and has served as 
chairman of PRISM. Through her association with ORNL, Jane and staff members at 
ORNL have developed curriculum materials on superconductivity which she uses at 
her school. She has also conducted workshops locally and on a national level using 
the superconductivity materials (the materials have been distributed on a national 
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taste through the Department of Energy at part of their recognition of National 
Sdenoo and Technology Week). Jane uttSxea tha technical staff to Judge science 
projects, give tafts a! her school and to serve aa mentors to her students* Such 
linkages hava a rlppla effect, affecting not wily area taachara and students, but also 
p os s es s i ng the capability for national impact 

Tha primaiy goal of working with taachara ta to affact tha teaching of science In a 
positive way. This may be dona by introducing the teachers to the world of research, 
by aaeteting them fn developing curriculum tor their students, by fatiStating thetr tfriSty 
to cany out "hands-on" activities with their students, by acquainting them wtth sWtts to 
enhance their science teaching, and oy being a force aSowtog tar levftaSzaBon. By 
teachers working with other teachers, *iid using tha Office of UnJveraJty and 
Educational Programs aa a focal point an existing support eyste.n has been 
developed and sustained throughout the years* Teachers ars encouraged to maintain 
their take with the laboratory and to develop mentor relationships with the technical 
staff. Teachers perceive UEP aa a resource they can use not only to access the 
laboratory but also aa a fink to tha educational comnnmity and its pipgrome. Through 
these Snks with the laboratory, teachers return to use ORNL as a resource and to fink 
their students with tha resources of the laboratory. 



EfflgCBPifi Eflt The General Public At ORNL 

The third target audience for precoilege is that of the genera) public ft is most 
important to include the general pubflc in our laboratory programs. Not only does such 
involvement provide an opportunity to expand tha general understanding and 
appreciation of science, ft should buHd support for our overall educational programs. 
Throughout the year, special programs are made available for the public. These 
programs have included those on botany, predator awareness, and Mid habitats. 

While soma of these spatial programs are for adults only, others encourage the 
participation of famines. Our adutt programs may often attract scout leadere and others 
who work In a teaching capacity, thus expanding our educational network In respect 
to family science, there is rather clear evidence that working through the family 
network improves tha achievement and attitudes of young people (ami their parents) 
toward science. Consequently, "family sdence* is ate an area of growth. 
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Another growing precoBege area is that of special projects. Some of these special 
projects art very concrete and their effects are visible ami immediate. Special 
program* are held at the laboratory to recognta* National Chemistry Week ami 
National Science and Technology Week. A Science Bowl, in cooperation with 
PefflssippJ State Technical Community CoHege, was started this year and plans are to 
make this an annual event Involvement in the Junior Science ami Humanities 
Symposium and The Southern Appalachian Science and Engineering Fair, 
cooperative efforts with me University of Tennessee, will be continued. Many of our 
special projects are made available through the Study Center. This year, special 
Study Center programs, one for minorities and one for girts, were held during spring 
break. Again through the Study Center, there will be spedal summer science 
experiences, two one-week programs, offered during the summer tor area school 
children. Summer Study Center activities are also expected to be a major area of 
growth. (Press dppings describing pmcoflege programs ©an be found in Appendix D) 
There are other kinds of special projects whose effects are not immediately apparent 
and which have as a long-rang goal to assist in CRNL becoming a resource center in 
precollege science education in this region. Many of the existing programs are 
components of this long-range goal, but there are additional activities which are 
necessary. To serve as a regional resource center, it is important to be actively 
involved in local, state, regional, and national organizations and aware of current 
educational developments and programs. Through linkages with organizations and 
groups with common or similar goals, (American Association tor the Advancement of 
Science, American Chemical Society, National Science Teachers Association, and 
Association of Science and Technology Centers to mention but a few) the strengths of 
these organizations can be interfaced with the strengths of the laboratory to build a 
strong regional science resource center in the area of precoftege science education. 
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Conclusion* 

The farsighted vision of those who initialed and implemented the Atomic Energy 
Commisstan, recognizing even in 1946 that education in the sciences and technology 
is the flfe blood of tha National Laboratories, is to be commended. That DOE has 
continued to not only support bid to expand Its educational rote, using universities and 
to National Laboratories, it also most laudatory. The educational activities supported 
by DOE and its predecessors have had a profound beneficial effect on education. This 
documented effect has been most marked through the abtfity of DOE-sponsored 
programs to encourage studenis to pursue graduate degrees in science, engineering, 
and mathematics as weft as to pursue energy-rotated careers, it Is dear that the 
support of educational activities is in the best Interest of DOE; for DOE, of necessity, 
has an Intimate dependency not only on a technical staff composed of the very best 
but also on a iterate pubfc willing to provide support for the DOE missions, ft Is also 
dear that DOE through its National Laboratories has the resources and expertise to do 
even more to ensure a quality education for all, particularly in those areas relevant to 
its mission. 

I believe far more could be done, and is appropriate to be done, by DOE in the area of 
science education, especially in the precoltege arena The vehicle is present, through 
the DOE National laboratory family, to have maximum impact on the quality of science 
education. I would hope that the mission of DOE woud expand its educational efforts 
focused on the precollege population while also working to enhance public literacy. 
As Director of Oak Ridge National Laboratory and as a concerned citizen, I applaud 
this Subcommittee and the Confess for their support of efforts by DOE to utilize the 
National Laboratories as teaching toots, i noticed with pleasure that In Secretary 
Watidns* prepared remarks for his confirmation hearing, h* said, "The laboratories win 
also have a growing role in helping high schools and universities motivate young 
people to seek vocations as srientists, mathematicians, and engineers of tomorrow. 
We are not doing enough in our nation to encourage young people, and particularly 
the growing number from minority backgrounds, to pursue careers in sdence and 
engineering, I cppredate the opportunity to be here today to address this most 
important area of sdence, engineering and mathematics education and the National 
Laboratories, I am committed to the role of the national laboratory as a significant 
resource to Improve sdence. engineering and mathematics education, I hope to 
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continue to work with Secretary Welkins, membem of the Subcwmmtttee. membei* of 
Congress and of count, with you Chairman Ltoyd, to attain the goal of quality 
sdanea, sntfnsering and mathematics education for an. Thank you Madam 
Chairman. I would be pleased to answer questions. 
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Designated User Research Facilities 



ORNL has served for manv year* as the 
itewird of numtfm hifMr soprusucated 
ea pe n ntt m ai fac&uea. These user [acuities arc 
designed to jouhJv serve the tecfemtal cBmmumtv 
and DOE nmm by t rnmrnitinf uaaecetsarv 
duplication, proraounf beneficial scenufic 
interact urns, and mates; die mot* effective use of 
rcativ and. m many cam umque equipment 

Viskitif soemtsts usm§ these f solum are 
important source of external imemww for 
ORNL In I9W. more than 400 vttmng 
researchers collaborated with ORNL soentmi on 
projects snvehqng user faculties (Table 43) 
Tredmonaiiv, about one-haJf of thes* 
collaborations involve univemtv sereum i 
(Fif. 34). but wronger ues with industry and 
relaxed patent regulations have prompted 3 greater 
number of industrial participants. Figure 35 fhows 
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m m hi ts ite Mc phw of o nisid 8 users of our 
fnrilkies state 1979. The use of user facilities as 
enp e cMd CD infirm as ORNL seeks greater 



A major factor tafluenoBf the u« of user 
facilities to FY 19S7 tad 1938 «u a result of 



OOE's order on March 26, 1987, to shut down alt 
research reactors at ORNL, This order direct hr 
affected the foUowtnaj ftoUucr 

• the Health Phtsxs Research Reacsor (HPRR), 

• the National Center for SmaiJ-Aa§k Scattering 
Research iNCSASR), 
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Ft| ># Pmrejaiai as 0ENL w (aetata (FY 19*1) 




F* 35 Nuaber of oeoadt om of OftNL Etoiinej, 

• the Neutron Scattering Facility (NSF), and 

• the Lw-Teropcrature Neutron firsdisiion 
Facility (LTNIF). 

la addition, DOE*» deejsferj to place the Bulk 
Shfc&iflg Reactor (BSR) imo cold shutdown 
cooditko has led to the eluninaoon of the LTNIF, 
taring !2 ORNL scientific facilities designated as 
official user faculties 

liter fsctlitte* mil play i key role in future 
energy research for the United States, therefore, 
the associate director of ORNL research reactors 
and his staff are working to return these reactor 
facilities to operation as safety and quickly as 



University Programs 

Educational Programs 

Overview of ORNL's University Relations 
Programs 

The DOE University Laboratory Cooperative 
Program (ULCP), Office of Energy Research 
(OER), supports research particjpauon and 
training for students and f acuity at ORNL 
through both ORNL and Oak Ridge Associated 
Universities (ORAU). Many more participants are 
supported by progranunatk funds housed in the 
Laboratory's divisions and by other sources, such 
as CB&e$e* and universities, fellowships, and 
grants. About 1000 university «hased researchers 
are housed annually at ORNL; fewer than 300 are 
supported by ULCP. In addition, many ORNL 
divisions have tang-funding co&borajive research 
projects with uncrnationally renowned university 
faculty. 

ORNL plays an important role in the 
education and training of university students 
through a myriad of programs designed to provide 
research experience. Over 1000 annual guests at 
ORNL are affiliated with universities, either as 
precoUege students, undergraduate and graduate 
students, faculty, or postgraduate appointees. Most 
visit for short-term research projects, but about 
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omMSuTd srr assign e d futi'^ime to ORNL divisions 
for research that may last from ! to I years, 
producing about 400 pjcfsoj>»yeaes of pr o g r a m 
utiwimt They ire hotted by the Laboratory 
through t variety of niecissiiiams: 

• swarding R&D subr^ntracts; 

• encouraging short-term ractrdj in the 
designated DOE U» Faauaes and other 



• supervising students and collaborating with 
fatuity on research participation appomt wewtti 

• donating and fasmog pcrwncd and equipment 
rcsoitftes; and 

• estaMahing dose collaborations wuh specific 
universities and university consortia 

DOE and ORNL also benefit from university 
program. Manpower projectsom performed for 
DOE indicate that the demand for wetl-quslified. 
trained scientists and cngtaeer* will continue to 
increase, particularly in fields such at health 
physics and computer science. At the tame time, 
trends point to • decreasing number of science and 
engineering graduates, especially those who are 
U S- arisen* To ensure a supply of personnel to 
perform energy 'related research* DOE has i 
etanprcnenstve program designed to improve the 
quality of science cdocaaon and to incr '« 
number of students ejecting to study sexvuer 
ORNL plays an integral rate in (his program to 
enhance the research capabilities of educational 
institutions and to train students for careers in 
research* 

Working with universities it a cost-effective 
way to achieve ORNl/s programmatic goals. 
ORNL awards numerous Ra\D subcontracts to 
universities that s ponsor research on campus in 
support of the laboratory's missions, fn addition, 
a number of programs are coordinated through the 
Office of University Relations whereby students 
and faculty participate in research at the 
Laboratory. These arrangements are stir active 10 
the Laboratory because they usually cost less than 



it would to hire additions! staff and sttU maintain 
quality work. 

In addition to being cost erTective, umverstty 
p ersonn el make substantial c ontribu tions to 
ORNL'i sessions. Recently, for example, 
usportant contributions were made by a former 
postdoctoral appointee and current postdoctoral 
appcantees in the ^y 1 , construcnon, and 
ope ratio n of the fff* ,M ! A *f M *tinnftiiig micrnscope in 
the Health and Safety Research Dmstoo 
(HaSRD) Over the two decades mat ORNL has 
hosted uttdu grad ate students on academic- year 
sctccce seoaestet programs, students have made 
subrsntive contributions to ORNL projects that 
later were patented and/or received Hi SOD 
awards. Furthermore, working with university 
personnel fulfills the Laboratory's technology 
transfer objectives* 

Over 20 different programs provide 
op po rtuniti es for students and faculty to participate 
in research at ORNL far appointment periods 
ranging from 6 weeks to several yean. About half 
the programs arc administered through ORAU. 
Opportunities exist for summe r and/or academic 
year appomtments Comprehensive programs * r * r 
graduate students include graduate internships, 
summer appointments, and thesis research. 

* <".*v university personnel receive training or 
i * ■ • & experiments on ORNL's state-of-the-art 
resources while they are under research- 
participation appointments, DOE supports a 
variety of university programs at ORNL, both 
through ULCP and programmatic funds. 

About 105 co-op Sfurffttft were employed by 
ORNL m FY 1988; by contrast, about 200 
students, 48 postgraduates, and 30 faculty received 

programs run by the Office of Croversity 
ReUtionsL The** appointments exdude the almost 
200 who received research travel contracts for 
short-term research visits. 

Programs are available through ORAU that 
help support travel costs for university faculty and 
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gradtttn? tawdenas under research crave) contfMa. 
AdcjjtJonai pscajtasni support tnvd costs for 
historically Hack oaUeges and uivaw (HKU) 
eeecarchcrt<, stseh as hAinortty f ftstiiutitm Rcnearch 
Trove* (MUX) sad Vary Insportam Small 
InimutxM Travel Support (VISITS). The 
supported vi&itt may fas to pes form experiments at 
user iacdixats end leeouroee or may be used for 
cureuiaocvti inch ORNL staff tbout common 

ICSCnfCh USfCfCHl* 

University Consortia 

ORNL has a dote relationship with several 
uoivcrsay consortia- For csaatpJc, ORNL has had 
* long finding oottaboratfeo with ORAL) on 
n I n e a t tonal progmat that baa been strengthened 
through the fan pjeinenoa ton of several new joins 
programs as trail as joint university outreach 
activities. In FY 1986, ORNL moved closer to the 
SotHhcaiicru Uiuvernttes Research As s ocian oa 
(SURA), which is another eonaorthan of major 
ussverstoes ia rise Southeast, ibjnugh such 
acts vines as membership on the Board of Trustees 
and various committees- ORNL also co nt inues to 
have strong semester programs with the Great 
Lakes College* Assariation/AsaDdatcd Colleges of 
the Midwest (GLCA/ACM) and Southern College 
Umvcrnty Union (SCIAJ) consortia, now both in 
their second decades* 

Research and Development Subcontracts 

ORNL awards about 270 R&D subcontracts 
to over 100 imivctsWca annually. These 
subcontracts generally sponsor research on campus, 
but may also mdudc provisions for student 
internships or Cacofcy appotonems to perform 
research at the Laboratory. About 40% of ORNL's 
subcontract oblations are with UTK (including 
die cost for the joint appointment! under the 
!)jsth^Pihtied Scientist Program) 

In FY 1W> universities in a majority of states. 
Puerto Rica, and Canada received research 
funding from ORNL" Money committed through 



stmeoniracss to minority educariou wmitmfa wn has 
increased by over 25% during the second half of 
FY !9fH Program HA is the largest sponsor of 
university ■ubcanrracti , aeoautntag tor about 18% 
in FY 1986\ Other major rpoosors of uarvcrsay 
research arc Proejam £B (16%), Program ££ 
(13%), and Program AA (10%). A Carp 
percentage (over 45%) of the university 
subco nt ract s are sponsored by Work-for-Others 

Research Collaborations 

Many long standing, dose collaborations exist 
between ORNL and individual universities that 
are based on mutual research interests, About 
one-third of ORNL's annual R&D subcontract 
expenditures goes to support cnueboretivc research 
at 20 prestigious cuUeges and tt&ivenxtics such as 
the Maasacauaetts Institute of Technology* the 
Umverstty of I&nois, and the University of 
California at Berkeley. Most of these 
collaborations involve outstanding departments at 
these premier research insotuuom and indue* 
active exchanges of students and faculty. 

ORNL is also engaged in a team R&D effort 
»or the deployment of an advanced robotic system 
capable of performing tasks hazardous to humans 
and/or whose execution notes can be reduced if 
performed by amuumcd systems. The goal of this 
project is to develop a generation of advanced 
robotic systems capable of performing surveillance, 
rnamtenanre, and repair tasks in uudear facilities 
and other hazardous environments. Thts goal will 
be achieved through a col l ab oration a m ong 
ORNL; the universities of Honda, Michigan, 
Tennessee, and Tew; and a number of industrial 
partners. This program ts designed to take full 
advantage of existing resources at all panbSpatiag 
institutions, ORNL participates in the research, 
coordinates the overall effort, and conducts 
coordinated experiments and integrated equipment 
tests to demonstrate the overall progress of the 
team. 
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OEM, piayi a rote in enh a ncing cas e ati o n 
•ad research facilities on campus. For eaaospk, a* 
pat of stAenotract laj eea w c nta , co v ena nt 
necessary to carry oat the research may be 
partis«d In the put, efi eqiapewot hid to be 
reward unless the eqatpewn wis {oo costly to 
transport However, recent changes m 0O£ poKcy 
have allowed equ*|»wi purchased under 
subcontract for less than 15000 to remim the 
property o( the school upon urouaitw of the 
work. 

ORNL also participates in the DOE Ewen 
Research laboratory ^uipment (ERLE) program 
that allows coUegcs and unjiersajcs to obtain 
excess equipment for the cost of transportation 
only. The cqmpencat ranges from scant! d sas s n s rs 
co aipftisttrattd sanirytscal mstruments and nay be 
new, used, ar m need of repair. The Lshoratory 
maintains a data base, whkh hi up d ated mowhly, 
that lists available eyepownt Uuivej wy personnel 
can tfwti this data base 

Besides us uridine; equipment resources* ORNL 
m ot ha with s jca desa ic institutions to trrfoi ft** their 
educational programs and reaearefa capabilities by 
donating personnel and resources, ORNL soft 
members frequently five s em inars at tuiivcisiiies 
t hr o us jhn n t the nation, either because of an ad hoe 
tovtcat v 4 from faculty or through formal program 
such aa the ORAU Traveling Lecture Piogrem 
and die Iiatimi lal Research f ^Hi u ft t (1RI) 
•Visaing Scientist* Program. These visits, typically 
lasting a day, ago* students and faculty to consult 
raifraasci* with the sumilst nod give university 
psj rmri insights into some of the cntxtna>edge 
science perfmajad at the Laboratory. About 75 to 
100 of these visits sre made annually. 

Many ORNL staff members are affiliated with 
iuuveraitfcs on an adjunct basis to teach classes and 
to collaborate with faculty on research projects* 
Some 25 to 30 adjunct professors from ORNL 
receive ccenpensation under official appointments 
from The University of Tennessee. Many others 
donate their He ad u ng tateata to other insiuuuona, 



such ss Kneavtfle C aflea a, Tennessee 
Tecnnologleal University, and Roane State 
Co nunan ity CuMcgt 

ORNL staff also sesch short courses as pan of 
ORAlTs manpower training programs sponsored 
by DOE. ORNL also provides other types of 
assistance to f tcuky » including critical review of 

meetings and ccsn^crcnces* 

Facilities and Equipment at ORNL 

ORNL is the home of U official DOE user 
fso&oes. These fsnli fta i offer unique cmpa rtu nrtics 
for outssde researchers to perform enperimmts on 
steto^f™thc*srt equtptneot at miniosei cost- hfany 
of these fartfirin are sup ported by separate 
operational funds, and users need pay only their 
travel and bousing costs. Of the noo-ORNL 
participa nts using these fiffffi**f over the boa 
5 years, about 60% came from universities. 

fa FY $°£8, nearly 300 university researchers 
performed reprrtaxnt s far 3610 user days ta 
ORNL's DOE user fad&tcs. The largest 
percentage of the unrver^-bascd users (31%) 

Research Facility. Other facilities heavily used by 
untve r att y researchers todode the Qaa Ridge 
National Envi r o nm ent!! Research Psrs and the 
Surface Modification and Charscrerrratinn 
CoUanoranve Research Center (SMAC/CRC) 

Other unique resources that may be available 
to university researchers include lupoujcuputing 
capability (• Cray X-MP and two 64-oode 

analytical equipment (including a new Fourier 
transf o rm mass spectrometer)* and other research 
tools. In addition, the Walker Branch watershed, 
located on the Oak Ridge Reservation (ORR), is 
one of the best sites in the world for watershed 
research. Arm ncments to use these resources are 
made directly with research staff or through the 
Office of University Relations. 
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PrecoAtege Programs 

Much of ORNL 'a kwotx io prtcoUcfe 
programs is in response so the federal 
mewed interest in science and niathesnntica 
education. The quamky and quality of science and 
Bmtep rt a training as both the coUege and 
IsrecoHefe levels a oMfemg. Some of the prolans 
haw ben rna^ufested in the univtrurv ta terms of 
poor prsxojtnjs pqpmmn and decuning 
enroanaem, esfmaaily of U S. cisiccns and 
mmorrocs. Within the lass several ytm, DOE hat 
aha recofzuzed that thu problem may affect our 
station 'a ability 19 axnprtc in international research 
arenas in the future Tharforc, DOE has 
itoptesnented several prccoikge progran* ocsigncd 
for both students and teachers. ORNL has also 
responded to the cabs for action with several new 
precoilrge somces, orfxrmtd uid managed by 
Umversity Relations. University Relations works 
doseJy with Public Relations §teJt 

ORNL hosts high school teachers during the 
tunaner and high school students year-round. In 
addition to research participation, other events are 
orfanwd for summer guests to the Laboratory, 
inducing a seminar series that focuses on major 
Laboratory programs and a series of tours so that 
Attendees can leant of the variety of research that 
takes place at ORNL 

For many years several programs have earned 
to avail the Laboratory to high school students and 
teacher*. In the summer of 1*85, 14 high school 
teachers were participants tn the pilot Summer 
Field Experience program that allowed them 10 
asstst ORNL researchers for 6 weeks 

Two new summer research programs, the 
Carbon Dioxide program and the High School 
Honors Workshop, were unptancmrd during 
FY 1988. The Carbon Dioxide program is 1 
national program involving teacher 1 tonccrned 
with research about the global carbon urie and 
with linking this research to rurrx wium 
development. Teachers were also ;m<>{ted as 
science associates mih the High v Honors 



Workshop, serving as liaisons between the students 
and ORNL science staff. 

la FY 5 v**\ 29 teachers participated in 
research actmcies at ORNL ante the 
ma^roentof the University Rrtssosi Office A 
teacher advisory potto. Partners far Resources m 
Science and Mathematics (PRISM), has been 
working with area teachers in providing workshops 
and equipment loan programs. The workshops 
seek to link the "big science* of the Laboratory 
w*h the existing science currtnduns* The 
equipment loan program attempts so pwtde 
teachers with needed equtfienent Another teacher- 
oriented initiative in FY 19S8, PRISM Associate 
Teachers (PAT), encourages teachers to link wufe 
Uboraary personnel to enhance their own 
knowledge in a given area and to develop materials 
appropriate for their teaching assignment. For 
example, one teacher has worked with staff in 
ORNL't Solid State Division to develop materials 
linking superconductivity to traditional science 
topics. 

Programs established for high school students 
have been rr panned and new programs have bren 
implemented, ORNL hosted one of the DOE 
National High School Honors Workshops ro 
FY 1988, with a focus on envtronmentaJ icteraxs 
Over 100 Environmental Sciences Division (ESD) 
staff members provided the workshop with 
research experience and student lectures and 
served in other capacities. Fifty-seven high school 
students, representing all states, the District of 
Columbia, Puerto Rico, Italy, Canada. Germany, 
France, and Japan spent 2 weeks at the 
Laboratory. 

During their stay at the Laboratory, these 
students were involved in environtnentai studies 
dealing with the effects of contaminants on the 
environment The Special Honors Study program 
implemented in FY 1986 allows exceptional high 
school students to conduct a study project to an 
area m which thev have a special interest at the 
Laboratory under the supervision of an ORNL 
staff member Seven students participated in the 
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program in FY 1^8. for a total of 12 partidpams 
since tilt ovepGon of the program. 

latoPfa aw aba bring devciopcd to usvorvc 
mmarisioj m precc4k0» progroxa ta aa effort to 
increase the pool of minority citixen* who eject 10 
pursue careers to science sod ens^oeena*,. An 
example of such a program is the Summer 
F i hsrarsnitil F 'f * ^ * 1 ** far "^^"^ 
(SEED), a program to encourage ece oomic i H y 
&sa4rmntaged high school students to ttms*der 
careen is nase and mathciujins- This program 
wot initiated a the summer of FY 1*89 with i 
student bong placed m the Chemical Technology 
Division. It if expected to reach a pamapation 
lerd of five in FY IW. la addition, the 
"G^aHcage* program, designed to encourage and 
prepare eajssorjrJca for tarccrs in sc ience and 
related Bekk involved staff from the Office of 
University Relation* ia FY 1988. 

Aa part of this increased focus on precolkge 
aenvmea, ORNL continues to expand the 
Ecological and Physical Sciences Study Center (the 
Study Cesser), which is one of the most visible and 
successful precoUcge programs. The Study Center 
was formerly the Ecological Study Center (ESC) 
of the Oak Ridge National Eavummeaul 
Research Park. Developed by a team of educators* 
ESC bepa in 5*83 with four study units, 
functioning during the spring and winter. The 
Study Center now mdudra 18 study modules that 
* provide students with the opporttscdty for hands-on 
learning in both the Uft scicarca andphysjcaJ 
sciences. The units are offered generally *s half - 
day Add sctmues and are tailored for the 
academic level of euanentary, junior high, or senior 
high school stadenta, The Study Center now 
opCTaici yenr*rouod. tndu d tn g Summer Science 
Saturdays for adult community members and 
children. Since its inception in 1983, the Study 
Center has hosted over 8000 participants 

Demand for the program continue* to be 
strong; many more requests are recti* ed than can 
be scccamnodagd Several of the studv umis Have 



been adapted for use with " h aad teap a bk * students 
in the standard Study Center format la addfesoa, 
several oi the anjdy umts have been modified for 
indoor programs and art also preaemtdfor 
fumtttcap a p i fr uMavusuanv 

A partnership with the Oak Badge schools has 
been dsnfcspe d and EmpsfflynraTtan has begun to 
link the scsesee departments of the schools with the 
resources of the Laboratory The Laboratory 
possesses unique shifts and a knowledge base that 

terse to assist the schools hi calsancmg the 
acJsBsrifc e du ca t io n al experiences of both students 
and teachers. This partnership will serve as a 
model of how communities and labor etortes can 
benefit from such partnerships, 

Unckrgraduate Programs 

Several tifldergraduaic student programs are 
worth mentioning in more detail because of their 
popularity, uniqueness, or newness. The 
Technology I ntern s hi p Program (TIP) provides 
training oppon unities for students pursuing aa 
usooate degree Although the program is only 
4 yenrs old, moat of the pareripints hav already 
been hired for regular employment as technicians 
The Student Research Participation program 
brings in students during the summer between 
their junior and senior years for 10-week 
appointments. Many of these stud ent s are 
subsequently hired for s utnmcrs during graduate 
school under the ORNL Summer Research 
Inte r nshi p program. 

Tne Oak Ridge S c ienc e Semester p rogr am , 
almost two de cad es old, is as aca c J isa ac»year 
research participation program Sckctcd uppcrciass 

GLCA/ACM and SCUU spend one semester at 
ORNL performing research and taking courses 
taught by resident faculty from the consortia, for 
which they receive academic credit A 10-year 
survey of the GLCA/ACM program indicated thai 
over 90% oi the participants had received a 
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graduate school, 

Tb» Spcari Simmer rYagram provide* 
otm o rtsmtt fcs far ydwpiAnn students from 
HBCUt to paxtsopatt ra research u early as the 
freshman year, vah the intension to rehire for 
subsequent summers through graduation. Because 
of this program, tad other umver*uy«reiatK*ii 
pros/ams, the master of partktpam* from 
minority educational mummoni has increased 
sigmfksmity over the last mo focal yean. The 
number of states and faculty from HBCUs has 
cUmhed from 4 in FY 1985 to 29 m FY I9M, and 
the number of students and faculty from Hiipuuc 
uwut inft s was increased from none m FY $985 
to 19 in FY 198ft. 

Graduate Programs 

Graduate students can perform pmheso 
rmearch through several programs. ORNL hat 
hosted a number of students for summer pracskum 
experience who hm been awarded DOE 
fellowship*. Them research, which can be 
sponsored by ORNL R&D subcomrtm, is also 
the objective of the Laboratory Graduate 
fluticjpatigo (LGP) program Students selected for 
irai profram perform full-time theao or 
dissertation research for up to 2 yean under the 
dfreeuea of ma or her graduate committee which 
wouWiadttde both ORNL ami uiuVerttty 
rapraJtmtsm This program Is very competitive 
am) selective; typically fewer than ten 
apfwkif iiwii i i are made annually, 

Afl candidates must be approved by the ORNL 
Graduate Fdiow Scscctuo Panel, a committee 
composed of pforessknal satf representing all 
ORNL research and technical divisions. The 
ORNL Graduate Fellow Selection Panel also is 
rapoosibje for approving students with masters 
degree* and postdoctoral applkmts who are 
appointed throufh the Postfraduaie Research 
TrainmayAppoajumem programt \i*> highly 
compftmvr and selective, this pr«>*r tm allows 



ORNL s taff the opportunity to receive valuable 
PjV** **iisune* from recent graduates stestnng 
further research eapmu**. Special attention 9 
r^mspe ctepi^rimma^ 
rmpjuyus have bees recruited from graduate 
st udent p rograms. For example, the Summer 
Research Internship program is draigacd f or 
gradu ate sttsdents with a ffimiimia araale^point 
**«reg* of 3.5. Students enrolled in health physio 
graduate programs were actively recruited; four 
were hired as interns for summer 1986. fn 
addition w the beaten physks intern*, graduate 
«wws have also been Ktrmted specsTicaily 10 
***** wkh actmties in the national Hazardous 
Waste Remedial Actions Program (HAZWRAP) 

The University of Tennessee, Knoaviile 

UTK csawt esnee»>*y dose ties to the 
Laboratory, Many IAK faculty members have 
served as consultant* and research participants at 
ORNL. ORNL staff have served on UTK 
advisory committees, and UTK suff have pteyrd t 
stmuar advisory role at ORNL Manv ORNL 
stalThave taken advantage of the UTK Resident 
Graduate Program in Oak Ridge, which oilers 
evening courses to those pursuing advanced degrees 
in a variety of snentifk and engineering 
disciplines. 

Science Alliance 

A current mem n raiwh im of understanding 
(MOU) tn effect is wuh UTK, which was 
****** as pan of the Seance Alliance. Sponsored 
by the state of Tetwesaee, Uua Center of 
Ejtccuencc at UTK operates under the auspices of 
the Better Schools Program. 

The purpose of the Science AUr x is to 
wourage joist research ctulaboratiotts between 
ORNL and UTK thus fostering a unique 
environment for research training. Many different 
Ktmties fall under the program's umbrella, but 
the one most vtsibfe a the Distinguished Scienittt 
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Program, whose purpose it to <w | lw R4D is 
the rtfta by earning sowaists tad engineers of 
tugfa national aad totertiertontl <a«t The 
selected setotaata Mi ■ teaofud posta m Ml 
professors at UTK aad eppotooueats at tensor 
research sekntisa at the Lsrssswy. ORNL tad 
UTK rim ate MB of dseae anuetanxats 

^SLwb to FY m Several have already 
made substantial impacts on both UTK and 
ORNL thrott«h the ranter of perscuod aad 
contract awards that they have aceumufeffd goer 
the wart of their ep ej uuaa se att . 

Other activities sjsonsored by the Science 
AiHsace todude * summer research program at 
ORNL lor uadcrgraduties and the development of 

tooted* a new Matter of Mem program to 
bMCcchaotogv aad a gradual program to 

The UTK Graduate Pr ey trot at ORNL 

Perhaps the lea* known, yet auougtst 
ORNL-UTK joint programs art tbc two UTK 
graduate Kboob boated as ORNL The Oak 
Ridge Graduate School of Bi om edical Srieaces 
(ORGSBS) and die Graduate ProgrejB to Ecology 
art both to their second decade- Both eradttete 
programs at ORNL provide a home for aeveral 
UTK faculty. 

Housed to the Biology Dtoak* at ORNL. 
ORGSBS often futt-ome graduate aunty for MS. 
and PKD. degraa aad for pa a tdocsoril tratotof. 
Studest support is provided by UTK through 

h sasaaaatsbipi anal federal piaii Moot of 

the school's teaching and revaarcb oatotog » 
pnmded by Btobgy Division itafT. The current 
enroibocot is around 40 graduate students and 

The second UTK graduate program as ORNL 
it the Graduate Program to Ecology withto ESD 
Similar to ORGSBS, the Ecology program offer* 
full-tin* gra d uate ttoey for MS, PhD , and 



aaaadoflartl studsata. The students art largely 
stspported by ESD prom^naaatk funding. About 
20% of the research tratotog it provided by ESD 

apputoiawina Earofhnem Is typically about 
15 graduate and postgraduate students. 

Minority Institutions 

On January 19, 19ft, ORNL and DOE 
signed an MOU wfcb Soother* University, The 
MOU was initiated to furaaitot jatot program 
activities that will assist Southern University* 
Tftfmrfnf tta rrararrh and onteeaaaaaaj cayahititks 
and sees* DOE to achieving Its missions. 
S ub contr a c ts are to process to the amount of 
1245,000, which axfadet two subcontracts with 
the Y*i2 Fatas. 

On September 23, 199$, ORNL and DOE also 
signed an MOU with the University of Puerto 
Rico (UPR) A Field Worh Proposal was 
submitted requesting funding for various 
collaborative vesture* for a period of 3 yean to 
SMgiiwtu flitting initialises involving L PR 
itudents and faculty to eaviraameatal stience 

FY 1944 was a year of significant captnswm 
for the program. Over 30 students and faculty 
members spent summer toterashipt at ORNL aad 
the Y-12 Ptam. Subcontract tnmmltmrwit 
increased nearly 40% from FY 1987 mtimimsrm t, 
even as total coBBSttta*Btt to subcomrect awards 
to higher educational tottjtutiona (HEIs) decreased 
by over 15%. FY 1944 subcontract caaaadaaeaes to 
minor icy educatsoaal Institutions (MEIs) was 
f 1.4 mfiUoa. This represented 44% of the total 
subcontract asaaaa^aaeaai to HEIs betog rendved 
brMEU 

ECloro ojatiaue to identify excess eujuspoient 
thai ought be used on ME1 caatpuses toward 
cahaactog their research capahtUtke During 
FY 1944, rhrowgh various later actions with ME1 
faculty, over 11 12 thousand worth of equipment 
was loaned to four MEIs. Also during FY 1944, 
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efforts were made to cmbfah new FkW Work 
Proposals (FWPl) to provide continuity of funding 
of mfaflBBWWi beyond one yew with M inte d 
MEI* toward this end, U FWft were established 
with projected sward coomuamcnoi of over 
133 nu&oo through FY $991 

la April 1937, Energy Systems appointed an 
MEI Program Manager under the direetjoo of the 
Energy System Director of Minority Prugrani 
Destaoomeni to act at the focal point for Energy 
Systems involvement with HBCU* Because most 
of die M EI/Energy Systems interactions take 
place with ORNL, the ME! Program Office is 
located la the ORNL Office of Umversity 
Relations. 

Hie main thrust of the program ts to develop 
opportunities through internal (Energy Systems) 
and external (MEI) impaction* Ittteraafiy, the 
program cmptoiics ccmmunfcetion of Energy 
Systems MEI program objectives; externally, 
attempts are made to encourage MEI pa rticip at i o n 
in research through workshops, established contact 
networks, mutual visitations, and professional 

Program activities and tamatfces are also under 
way with other minority educational institutions 
inducing UPR, New Mexico Highlands 
University, and the Ana C. Mendex Educanonaf 
Focodation (ACMEF). Energy Systems a also 
working with ORAU. the Southeastern 
Consortium lor Niinortties in Engineering 
(SECME), and various preuoBcge school systems 
seeking to increase the number of minorities end 
women who elect sci en c e and enginee ring* 
proav jSjas in coflcga 

Several new initiatives in support of precoUegt 
and minority programs are expected to he funded 
hytheKE program next year. These new 
initiatives include the following. 

• With Oak Ridge serving as the lead laboratory 
in partnership with seven other panicipaung 
DOE laboratories, a National Science 
Foundation (NSF) grant proposal for a 



muiuiaboratary teacher training program for 
teachers in grades K-g has been 
su&m&cd. 

* Several sjsajsasal teacher traming programs are 
expeetod to he expanded and^or modt&ed m 
FY 1989. The newly initiated Carbon Dioxide 
program, with emphasis on curriculum 

de v r topmrnt in the ana of carbon dioxide, is 
cxpectsd n> expand » a level of 1 5 participants, 
the reorganised national high school teacher 
essfscDsneoi program* formerly known as REST, 
hi fu e lled to involve apother IS- 20 tesjchers 
doing reaeareh during the summer of 19^9. 

* MOU* with UPR and with the Science and 
Technology Alliance were signed in 1981, with 
resulting plans to expand collaborations with the 
represented tasrititoous through increase d 
student and faculty research participation as 
wcQ as through the support of faculty ted 
ORNL staff visitations* PnmoSege programs and 
joint reaeareh projects ant included in the 
collaborative efforts leading from the MOUs. 
Other precoSege areas to be further developed 
concern programs that address specific 
manpower needs to OOE> 

* Programs are being de v elop ed that involve 
efforts to pwide actmiies for females and other 
under-rep tted minorities, to enhance 
mathema jducauoo, to strengthen precoJlcge 
education in the physical sciences, and to 
provide aeademic*year activities to revitaUae 
teachers and students. 

Proposed Programs 

In its efforts to increase interactions with 
ptf j mse f ac asfo s nic intt^ruuoca, ORNL has 
maWishfd an MOU with Duke University. 
ORNL is also expanding m utteractions with the 
service academies through the Service Academy 
Research Associates (SARA) program. Increasing 
numbers of students from the Naval Academy. 
West Point, and, for the first time, students from 
the Air Force Academy will participate in the 
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SARA program. Faculty from the umtt 
acadesmsa wiil also be encouraged to pamopatr 

Tbe master of imiversjty research parttctpams 
ts expected to mercasc to FY 1989 with the 
c c e a icmat son Hf At OA Ridge Science and 
Eagifiecrag Research Semesters, Whin fully 
opcrnticaai tbe Oak R*dgc Some* snd 
£iigiaecnng Research Semester program would 
support over 300 made** annually for research 
participation and framing, mostly dun*g the 
academic year All participant* will be housed in a 
multipurpose bioWing » be cocstructeif in centra] 
Da* Ridge. Tbe program ts being successfully 
phased to wtth over 60 paroctpantt ts FY 1988. 

Summary 

The precoUcge and university relations 
programs will continue » grow t yuft ra m ly in the 
future. It is important that a facility be developed 
that meets the needs of our growing prccoUege and 
uwvervny programs. ORNL will continue to 
involve r w groups in our activities, implement 
new -^r^rams to meet needs, and otherwise 
enhance our education and training activities. The 
catalog of programs currently offered by ORNL ts 
considerable and impress**, but opporrumues for 
new tnaianves sull cust. 

Tbe ORNL University Relations program will 
continue to avow and act as a model for other 
t federal l ab or ato ries and corporate entities in their 
efforts co enhance tbe education of the nation's 
youth. ORNL has demonstrated a commitment to 
increase the iuvulvtuauu of university personnel in 
its Ra\£ activities. It is imperative to supply wdl- 
traiacd, qualified technical personnel for the 
future. The Udoratory is assisting DOE in 
achieving this goal in rwo way* (1) by providinf 
opportunities for students of all ages to r e ce i v e 
training and to perform research and (2) by 
encouraging students to attend graduair vhool m 
energy-related dts ct p Hnrs The univcrtttv 
mieiaukau are also tmportan' in trantf erring 
science and technology through sponsoring faculty 



research paeucipaaon and visits at ORNL and 
through ORNL staff visits and lectures on campus. 
Collaborative research programs with university 
personnel wiU continue to be a coa<ftcctr*e 
method to receive quality assistance in fulfillment 
of the Laboratory's missions. 

A proposal baa been submitted to tbe NSF for 
a tea c her-e nhencrmeni program for teachers 
from kindergarten through grade 8 This 
mu&'^boratorr proposal involves tifht DOE 
Ubcratoncs, with ORNL serving as the lead 
laboratory. The proposal calls for a budget of 
nearly 16 million over a 5-year period and is 
expected to serve over 400 teachers. The teacher 
program will focus on •hands-on" activities that 
] ink the "big science' of the laboratory to 
conventional teener curricula. 

Minority Business Procurement 

Energy System's Award Fee Contract with 
DOE requires that we provide m axi mum practical 
opportunity for minority businesses to sell us the 
commodities and services used in the operation of 
our facilities and programs. 

ORNL management and staff work dosm 
with the S oc ioeconomi c Programs Office and 
Purchasing staffs to identify and qualify companies 
Otvncd by socially and economically disadvantaged 
individuals to participate in the company's 
purchasing activities. The following activities 
tupport thu program. 

• Outreach— more than 23 trade shows, business 
opportunity fain, and conferences for small and 
disadvantaged businesses are attended each year. 
Staff members also meet onc«on-onc with 
minority cemf antes to enable them to "market* 
theu goods aid services, 

• Seminars and workshops are ensponsored with 
DOE and other orgarursuons to help company 
representatives better understand our 
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requirements and the correct procedure* for 
doing busmen with us. 

* Large, compiea procurements are broken down 
into smaller piece* to enabk greater 
participation from minority firms. 

• Special vrtfigonoo art made with Accounts 
Payable » ensure thai prompt payment a made 
to roioority firms to help alleviate eash-ftow 
problems- 

• An annua) awards program is conducted thai 
recognises a rmnonty-owned firm and minority 
colleges or universities for outstanding 
performance of work for 10. 

* As part of (he awards activity discussed 
previously, internal staff are recognized for ihesr 
support of the program by tenons; as 
' advocate s* for small and disadvantaged 
compajuea, 

♦ Strong supper* is provided 10 DOE in 
identifying work that can be awarded to 
minority companies that have been certified 



under the Small Business Administration's 
8{a) Program. Once the sward is placed by 
DOE, our staff members serve as technical 

Placement of contracts and orders with 
minority companies has increased steadily over the 
years. Energy Systems has received the following 
awards recognising performance in mis area. 

• FY 1*88— DisdnfUished Prime Contractor of 
the Year for Region IV— awarded by $BA* 
Headquarters; 

• FY 1988— Small Minority Business Advocate of 
the Year for the state of Tennessee. Ruby 
Miller— awarded by SBA-Regson IV; 

• FY 19S8 — Corporation of the Year, Portsmouth 
Gaseous Diffusion Plant— awarded by 
Columbus (Ohio) Regional Minority Suppliers' 
Development Council; am! 

• FY 1987— Small and Minority Business 
Advocate award, AUyn Zcrby of C& YD at 
ORNL 
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U. S. Department of Energy 
Student Research Participation Program 



Profile and Survey 

of 1979-1982 Participants 
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Summary of Findings 

ana tts tarna tion in 197 7. tfte U . S Ogartment of Energy (DCfc) has 
hid the rtsporaisttty and ityfllitlvi authority to develop programs that 
hejp ensure adequate supptias of tactvui peraonnel flortts ftitun iwd) 
mtsatav Qna inacftantai dor doing tMs is to provide undei pviua&e science 
and engineering majors wtth DO E htt a my reaawft aapartsm The DOE 
Student Research Participation (99) Program, sponsored by DOE'S Office 
of Untantty Mi industry Programs istha prtndpti vtftide fcr arranging 
and supporting these raanicti appofttmenci 

TMs report reviews info r matio n provided by a sample of the 2,752 SRP 
Program prtdpants vtfio held appointments from 1979 to 1982. Some 
of the most tigntflcant findings of thi study are: 

* In 1987. mwy survey re s p on den t s m stffl writing on graduate 
degrees Howwwar. 42 percent had or expected to receive PfiD/s; 
22 percent other had or piannad degrees in medidna. taw, or otter 
proitasons; ana a percent expectac a masters oagrae to be tner 

* Over % peruent have already attained an advanced degree. 

* Fffty-faur percent of the res p onde nt said that thee primary work 
activity w as research as compwni to 33 permit of all employed 
scientists and engmeere in the U. & 

- Former SRPs are more than three times as likely to work in a fecerai 
government laboratory (9%) as otter U. S scientists and engineers 

* Sixty percent of all respondents and 76 percent of those who had 
completed PftD/s indicated that the program influenced their dsason 
to attend graduate school 

* Females wot more ttkefy than males to tndfcate tret p ar tidpatio nm 
the program had an influence on their decision to attend graduate 
school 

* Wore man half of the respondents (57 percent) indicated that the 
progrsn influenced their choice of &sa of specialization 

In genert. the information provided by past SRP Program participants 
indicates that pafficioatton in the program encouraged a m^onty of tham 
to attain higher levels of education. They indicated that they received 
vakatte aap arien ces that influenced their career development 
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^elementary students learn at science cemet 
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BIOGRAPHY 
ALVIN W. TRIVELPIECE 



Alvin W. Trivelpiece became the Director of Oak Ridge National Laboratory 
{ORNL} and a vice-president of Martin Mariana Energy Systems in January 
1989. Tnvelpiace oversees the research and development programs and 
associated support operations at ORNL one of the Department of Energy's 
(DOE'S) muitiprogram energy laboratories. Activities at ORNL include applied 
research and engineering development in support of DOE'S fusion, fission, 
conservation, and fossil energy technology programs and basic scientific 
research in selected areas of the physical and life sciences. These activities 
involve a staff of over 5000 and a budget of approximately $500 million* 

During 1987*88, Thveipiece served as me Executive Officer of the American 
Association for the Advancement of Science. From 1981-1987, he was the 
Director of the Office of Energy Research at DOE, Trivelpiece was corporate 
vice president of Science Applications, inc., in La Jolla. California, from 1978 to 
1981, and from 1976 to 1978 he was voce president for engineering and 
research at Maxwell Laboratories in San Diego, California. 

Trivelpiece was a professor of physics at the University of Maryland from 1965 
to 1976 and was a professor at the University of California, Berkeley, in the 
Department o' Electrical Engineering from 1959 to 1966. While on leave from 
the University &f Maryland, from 1973 to 1975. he served wjth the US, Atomic 
Energy Commission as assistant director for research in the Division of 
Controlled Thermonuclear Research, 

A native Califprnian, he received his B.S. degree from California Polytechnic 
State University in 1953, and h»s M.S, {in 1955} and Ph.D. degree {in 1958) 
from the California institute of Technology, 

Trivelpiece was a Fulbnght scholar h the Netherlands from 1958 to 1959 and a 
Guggenheim Fellow in 1967. He was named Distinguished Alumnus of 
California Polytechnic in 1978 ana of the California J-* "*itute of Technology in 
1987. 

His research has focused o'i plasma physics, controlled thermonuclear 
research, and particle accelerators. He was granted several patents on 
accelerators and microwave devices. He has published many papers in his 
field, and is the author of two hooks on plasma physics. 

He is a fellow of the A A AS, the American Physical Socrety, and the institute of 
Electrical and Electronics Engineers, and is a member of the American Nuclear 
Society and Sigma Xi. 
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Ms. Lloyd. Thank you very much, Dr. Trivelpiece. Dr. Springer, 
please proceed 

STATEMENT OF DR. ROBERT W. SPRINGER 

Dr. Springer. Madam Chairman, members of the Subcommittee, 
I am extremely pleased by the Committees interest in this subject 
in the role of the National Laboratories in science education and it 
is indeed a privilege to be here and be able to share with you my 
perspective on that from the point of view of having worked at Ar- 
gonne now for eight years. 

It seems to be generally agreed that the national labs are a scien- 
tific resource of enormous magnitude, which can really have a sig- 
nificant impact on science education at all levels. Dr. Trivelpiece 
has mentioned that he feels the late are under-utilized in that 
regard and I certainly reinforce that. 

Argonne, for example, has the largest program among the DOE 
laboratories and we have considerable more capacity than is now 
being used. 

Ms. Lloyd. As you know, Congressman Schiff and I visited Ar- 
gonne, we were there in February. 
Dr. Springer. Yes. 

Ms. Lloyd. And I was most impressed with Dr. Lederman's pro- 
gram on Saturday morning for the young scientists, the bright high 
school students from the area, that participate in the program. You 
certainly are to be congratulated. I hope that you continue the pro- 
gram since Dr. Lederman is leaving, with renewed interest. 

Dr. Springer. You will learn about that this afternoon from the 
representative from Fermi Lab that will be here. 

Mr. Schiff. I just want to add that although I represent a dis- 
trict in Albuquerque, New Mexico, my wife and 1 are natives of 
Chicago, Illinois. My wife is a graduate of the University of Chica- 
go which manages Argonne, and if I even think of doing something 
too adverse to Argonne, I assure you I hear about it at the dinner 
table. 

Dr. Springer. Well what I would like to do is convey to you 
something of the nature of what we are doing and why and also 
some sense of what more I think we could do, and try to provide 
you with a measure of not only what can be done at national labs, 
but what more can be done for science education. 

We shape our program to a great extent by the context in which 
we operate. We are located, as you know, very close to the city of 
Chicago and in those vast suburbs around it, so we have a great 
opportunity for programming in the precollege area, particularly 
that directed at the minority population in the city. The Laborato- 
ry is also right in the middle of a very rich supply of educational 
institutions of higher education as well. This ranges everywhere 
from the small liberal arts colleges that are so popular in the mid- 
west up to major research universities, private and public, some of 
the most prestigious in the country. And so we feel a responsibility 
for and there is an opportunity there to support science education 
at that level as well. 

In particular what we want to do— that is the major role of our 
program — is to provide this large population of faculty and stu- 
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dents with regular contact with the type of exciting, cutting edge 
research and big science that goes on at the national labs. This re- 
quires obviously a large scientific resource such as a national lab 
and a lot of interested people. 

As a major multi-purpose research lab, Argon ne has the physical 
resources that you became acquainted with out there, and as to 
personnel, the Department of Energy in general and Argonne in 
particular, have a long history of involvement in education, which 
you have heard comments on already, since essentially the origins 
of these organizations. This has the important consequence that 
participation in these programs is a normal, expected thing. It is 
part of the culture at Argonne and also at the other laboratories. 
The degree of cooperation we get as a result of this from the re- 
search staff is extremely high and that provides us with the per- 
sonnel resources we need, and of course that is critical. 

So there is an opportunity there and a responsibility adequate 
scientific resources, physical and human, and of course we also 
need the financial resources. 

Funding for these programs is obviously something that is on ev- 
eryone's mind today, so let me comment a little bit on that. Most of 
the funding for programs at Argonne is provided by the Depart- 
ment of Energy under the umbrella concept that Ms. Joseph men- 
tioned, the Science Education Center, The Department now sup- 
ports these Centers at six laboratories and the main idea of the 
Center is that the program is viewed and funded as a whole rather 
than as a collection of unrelated individual programs. That is im- 
portant when one is trying to support science education at as many 
levels as we are, to have the flexibility and the possibilities for pro- 
gram integration that the Science Center idea allows. 

As to the level of funding, it has gone through a series of pla- 
teaus, in my experience anyway. For a period of something like ten 
years— this was awhile back— the funding fo* these programs was 
fixed, it was level and it was well below that needed to provide pro- 
grams at all levels and also to have a real impact on science educa- 
tion, given the size of the student and faculty population in the 
country. We had essentially no programs in the precollege area 
and our ability to provide research experiences for undergraduates 
and research opportunities for graduate students was quite limited. 

That began to change about four years ago and since then fund- 
ing for our program has increased, and we have been able to add 
important new programs that you have heard something about, at 
the precollege area and also in ihe undergraduate level Unfortu- 
nately, even though we all recognize an increasing need for these 
sort of things, we are at another funding plateau. There is no in- 
crease for these programs in 1989 and there is none projected for 
1990. And as I indicated earlier, we have considerable more capac- 
ity than is now being used. Not only that, but increases at this 
point, given the infrastructure already being established, the in- 
creases go primarily into having more participation from faculty 
and students. The programs at Argonne, in my judgment, could 
easily be effectively and efficiently doubled in size. 1 think that is a 
reasonable measure. 

Also I want to outline certain of the programs we are doing, 
trying as mu^h as I can to not duplicate other comments. 
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I certainty endoree the idea that we have to reach down as low 
as possible m the precollege area to try to stimulate interest in sci- 
ence and awareness in science and to try to do that for a large 
number of students, and that creates one difficulty for us, because 
it is difficult for us to bring large numbers of preco' lege students in 
the lower grades to the lab for long periods of time. There are al- 
ternatives to do that though and that is you simply form some 
partnerships. One way we can do it is to work with teachers and 
the other way is in a partnership with colleges and universities. 

You have heard mentioned the high school teacher associates 
program this summer. Argonne is participating in that and a sig- 
nificant portion of our appointments there will be for teachers in 
the city of Chicago and we will be combining that with other ele- 
ments of our program to provide in-service training, teacher insti- 
tutes, summer institutes and so forth. And all of it working toward 
providing a support network for teachers in the region and in the 
city in particular. So we would like continual contact with these 
people and for them to feel that they are not in that high school 
with the large teaching burden and a low budget without any sup- 
port at all. that they have a network of their peers and they have 
people that they can ask for support at the laboratory. 

We have had small programs for high school students for eight 
or nine ^ars. This is about 40 or so high school sophomores and 
high school seniors that come each summer. In order to try tc 
expand these programs and involve the large numbers of students 
that I mentioned I think are necessary, we formed a formal coop- 
eration with Chicago State University, that is primarily a minority 
institution in the city. And we are currently discussing a similar 
sort of arrangement with Northwestern University. 

We have had a large summer program for undergraduates for 
many years and I want to emphasize also the importance of con- 
tinuing that. It is in this undergraduate research participation pro- 
gram we call it, that the students that we do get interested in sci- 
ence really get to find out what a research activity and real science 
is all about, and find out whether they reallv like it and they are 
influenced in the sorts of fields that they cnoote and get a first- 
hand taste of what it really would be like to do it. It is that time 
where I think their minds are really made up. 

Sometimes we hear that our efforts to increase participation in 
science ougV* to be focused a lot more at the precollege level, I 
think we S* have certainly a lot more than we now have there, 
but we n * maintain the undergraduate and graduate pro- 
grams as a*. The demand for cur undergraduate program is ex- 
tremely high. We typically place 200 students each summer in our 
undergraduate program. We have applications from somewhere be- 
tween 1,200 and 1,500, so the demand for this is very high. And it 
is in response to this sort of thing that the Department formed the 
semester program a few years ago. That will enable us to provide 
opportunities to a much more significant portion of these interest- 
ed students. 

And then having stimulated hundreds of students every year to 
go on to graduate school and pursue research careers, it is only 
natural that opportunities also need to be provided at the graduate 
level, As Ms. Joseph mentioned, that is done a lot directly with 
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universities, but there is also a need for programs at the laborato- 
ries- We have 60 or 70 graduate students at the lab at any one time 
doing thesis research and primarily they are there because the 
equipment that is available at the lab for their research is not 
available at their home institutions, and that is an important role 
for the national late to play in that area. 

It is also important for us to provide opportunities for facu? v y, 
not only faculty who are interested in research but faculty who are 
interested primarily in teaching. For both of those, there are ap- 
pointments available to again come and participate in research. We 
also operate a large series of workshops and faculty institutes that 
give them periodic updates on current developments in research, 
given them an introduction to the facilities and programs at the 
lob that they can later participate in. 

Finally, we also provide teaching and research faculty in our 
region with access to instrumentation at the lab. Instrumentation 
again is another m^jor problem facing educational institutions at 
all levels and research facilities and equipment is again something 
that is in good supply at a national laboratory, so we try to facili- 
tate access to equipment that is in the research divisions and also 
in our own small teaching lau>ratory. 

So I will simply conclude then by reiterating that I think the na- 
tional late have a great deal of unused potential for support of sci- 
ence education at all levels. We are very pleased that this has been 
recognized by the Committee and that the Committee is interested 
in finding ways of making greater use of this resource. I would be 
glad to answer questions and provide you with any further details 
you might need. 

[The orepared statement of Dr. Springer follows:] 
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Madam Chairman and Members of th© Subcommittee, I am extremely pleased by the 
Committee's bitmt in the role of the nation*] laboratories in science education. It is a 
privilege to be able to provide you with my uei sp ec tiv c on that role, based on being Director 
of Educational Programs at Argonne lor the past 8 years and a faculty member and 
department chairman in a mfivwii^ engineering program for 15 yean prior to that 

The national labe are a scientific resource of enormous magnitude which can make 
important and, in many ways, unique contributions at an lewis of science education. They 
are greatly underutilised in this regard. Argonne has the largest program among the DOE 
labs, and we have considerably more capacity than is currently being used I hope to convey 
to you the nature of what we are doing and why, and some sense of how much more we could 
do. This should provide you with one important measure of what and how much can be done 
for science education at national laboratories, 

Hie context in which we operate at Argonne naturally influences the nature and the 
scope of our program, both in general and in detail Argonne is located very dose to the city 
of Chicago and in the midst of Ha vast suburbs, Accordingly, we have a unique opportunity 
among the DOS labs and with it a serious responsibility for programming in the pre-college 
area, particularly that directed at the large minority population in the city The Laboratory 
is also within a few hours of a very large number of institutions of higher education, 
including many small, high quality, undergraduate liberal arts institutions, and some of the 
nation's most prestigious research universities, both public and private. Both, as you know 
very well, play important roles in science and engineering education at the undergraduate 
and graduate levels. It is therefore also important that we support science education and 
research at these stages as well* In particular, it is essential that as many as possible of this 
huge population of faculty and students have regular contact with the type of exciting, 
cutting edge research and "Big Science" that are the national labs' stock in trade. 

The overall goal of Educational Programs at Argonne is therefore to offer programs 
that provide this contact in a variety of ways, and in a broad range of scientific and 
engineering fields for faculty and students at virtually all levels. 

Such a task obviously requires a large scientific resource and many interested people. 
As a major multi-purpose research laboratory, Argonne has the physical resources that are 
needed As to personnel, the Department of Energy, in general, and Argonne, in particular, 
have long histories of national and international educational programs that go back almost 
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to the beginnings of these organixation* This has the important consequence that 
participation in educational activities by the research staff it a normal, expected thing. It ia 
part of the culture at Argonne and at other DOE labs, The degree of cooperation we get from 
the research staff is therefore extremely high and provides us with the personnel resources 
thai our goals require. 

So there it need and opportunity, there is responsibility, and there are adequate 
scientific resources, both physical and human. Dollars are also necessary for student and 
faculty stipends, for materials and for effort on the part of staff from my Division. Funding 
for these programs is obviously something that is on all of our minds here today, so let me 
move to that 

First, I want to note that most of the funding for educational programs at Argon ne is 
provided by the Department of Energy under the umbrella concept of a Science Education 
Center. The Department now supports such Centers at six of its laboratories (in addition to 
supporting individual programs at other labs). The main idea of a Center is that the 
program is viewed and funded as a whole rather than as a collection of separate, individual 
programs. It is very important when one ii trying, as we are, to support science education at 
all levels and in many ways, to have the flexibility and the possibilities for program 
integration that the Center concept allows, 

As to the level of funding, the history and current situation is briefly the following. 
For a period of something like 10 years, funding for these programs was fixed and well below 
that needed to provide programs at all levels and on a scale that would result in a real 
impact on science education. We had essentially no programs in the pre -college area and 
research experiences for undergraduates and for graduate students were extremely dollar- 
limited. This began to change about four years ago. Since then, funding for our programs 
has increased, and we have been able to add several important new programs, particularly in 
the p re-college area, and also expand undergraduate programs considerably. Unfortunately, 
even though the need for programs of this sort hai become greater and increasingly 
recognised, we have hit another funding plateau. There was no increase for education this 
year and none is projected for FYBO. As I indicated earlier, we nave considerably more 
capacity than is now being utilised I believe that we could effectively and efficiently double 
the sixe of our current program, I want to emphasise that because our organisation and our 
programs are, for the most part, in place, funding increases at this point will largely be used 
to increase student and faculty participation. 
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At this point I want to briefly outline what wt are doing at each level in more specific 
terms, and what we estimate our capacity to be in each case. 

It is important that wo stimulate and support interest in and awareness of science 
from an early age, and to do so for a large number of studenta, The farther one reaches into 
the lower grades, the more students one has to address. We have limitations on our anility 
to bring large numbers of very young students to the Laboratory for long periods of time. 
But there are alternatives which still enable us to reach large numbers of students. One is 
to work with teachers. The other is to work in partnership with colleges and universities 
We are doing both. 

The Department of Energy has initiated this year a new national program for high 
school science teachers which will bring 20 teachers to our Laboratory for the summer. 
During the coming years, we plan to combine first-hand participation in research during the 
summer through this program with a variety of workshops and teacher institutes during the 
academic year to build a continuing support network for science teachers, A substantial 
portion of this effort will be directed at teachers in the city of Chicago. Through this support 
network, teachers will be able to increase end renew their knowledge of science, to stay 
current with exciting new developments, to arrange for class tours, and to bring interesting 
guest lecturers and demonstrations to their classrooms. We can accommodate twice the 
number of teachers that this new program will support and, along with several other labs, 
we are seeking additional support for this from the National Science Foundation. If we are 
successful, teachers from lower grades will be included in the program. We also could offer 
at least twice as many In-Service programs and teacher institutes as current funding levels 
allow. Personally, f think this is one of the most important programs we can have. Teachers 
of science at the middle and high school levels can have a tremendous impact on students' 
interest in science, but they work in most difficult circumstances. Any support we can 
provide them is greatly appreciated and will pay great dividends. 

We have provided small programs at Argon ne for high school sophomores and seniors 
for the past eight years or so. Approximately 40 students are involved in each. In order to 
expand these programs to involve more student*, we have recently established a formal 
cooperation with Chicago State University, which is a predominately minority institution in 
the city. We are also currently discussing a similar arrangement with Northwestern 
University. The advantage of these cooperations is that, while we cannot accommodate large 
numbers of pre-college students at the Laboratory, universities can. They have classrooms 
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and labor***** that are ideal for this purpose and which an vastly undcrutiUxsd during 
the lummr months They also have a high interest in attracting students, particularly 
minority students, to their science and engineering programs. The partnership is thus a 
natural one. The cooperative program we are planning will consist of a major outreach effort 
at the lower grab*, primarily directed at stimulating and sustaining student interest in and 
awareness of science. As shown by the photograph which wa* enclosed with my testimony, 
this can he done with wry simple experiment*. In this esse, student* are observing the 
levitation of a superconducting disk. As the students progress to higher grades, they will be 
invited to participate in summer classroom and laboratory programs with more emphasis on 
content and hands-on experience. Argonne will support both the outreach and the summer 
programs, both administratively and scientifically. All participants will be brought to the 
Laboratory for special events. Funding currently available is well below that needed to 
implement these programs on the scale that is possible and is needed. 

Argonne has had a large summer program for undergraduates for many years This 
is part of one of DOE'S major national programs. Through this program, students with an 
interest is graduate study and a research career get an opportunity to see what is really like 
by ac tuall y participating in advanced research under the guidance of an individual research 
scientist We sometime* hear that efforts to increase the number of students taking up 
careers in science should be concentrated entirely on the pre-college level, that by the time 
students reach the undergraduate level their minds are already made up. Our experience 
indicates that both are needed. At the undergraduate level we do find student* with a 
definite interest in science and engineering, but they know very little about the excitement 
and rewards of research. Also, they are being attracted to other Held* in which rewards 
seem to be greater end the path easier. The fact that many are now choosing alternatives to 
science and engineering has been verified by many recent studies. A recent formal 
evaluation of the DOE undergraduate summer program nationally has documented that it is 
extremely successful Five years after completion of a summer program at a DOE lab, 90% 
of former participants indicate that they either have or will soon receive an advanced degree. 
Moreover, more than 60% indicate that this program was a significant influence on their 
doing so and on their choice of field 

The demand for DOE'S undergraduate research partiripsticn program is extremely 
high. At Argonne, we get between 1200 and 1600 applications from honors caliber 
undergraduates every summer. We are only able to accommodate about 220 and current 
funding restricts us to acturlry placing about 200. In order to prvvide opportunities to more 
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of these student*, DOE initiated a new program two years ago called the Science and 
Engineering Research Semester fSERS). This program provides undergraduates with 
opportunities to participate in research during the academic year. The program is designed 
to be the science analog of the off-campus and semester abroad programs that have been an 
establish od part of non-science curricula for many year* The research experience is 
supplemented with seminars and, as needed, with academic courses taught by college and 
university faculty. Students who want credit for this experience are generally able to obtain 
it from their home institutions. Students prepare reports on their research, and some are 
eble to present their work at national student research conferences. Many are listed as joint 
authors on papers submitted by the team to scientific journals. Argonne currently places 
about 8$ students at the Laboratory in this program each semester. We could accommodate 
approximately 12$ if additional funding were available Recently, we have begun arranging 
for faculty and small groups of students to participate in this program as a team. This adds 
considerably to the educational component of the program- Again, however, current funding 
levels limit SKRS to about one-third of what would be useful. 

Having stimulated hundreds of undergraduates to go to graduate school each year, it 
is naturally appropriate to also provide programs which support graduate education and 
research. DOE does this to the greatest extent through direct support of research at 
universities. In addition, however, the national labs also provide opportunities for graduate 
student thesis research. This is particularly important when special experimental 
equipment needed for the research is not available on campus, but is available at the 
Laboratory and these days, when experimental facilities can be extremely expensive, this is 
often the case. Approximately 70 students are actively engaged Li full scale thesis research 
at Argonne at any one time, and about half this number are also doing parts of their thesis 
with equipment on-site. Both of these numbers are well below demand and our capacity. 
Funds available for thesis research this fiscal year were full*- committed by late January. 
We estimate that we could accommodate at least twice the n amber or graduate students we 
now have and that this would still not satisfy demand 

It is also important to provide opportunities for faculty to participate in laboratory 
research. This is clearly one of the best ways to involve faculty in DOE'S research programs, 
particularly hi the early stages of their research careers. Many faculty at primarily 
undergraduate institutions try to sustain an active research program in spite of heavy 
teaching commitments. It is important for these faculty to do research, A collaboration at a 
national lab can be of great value in this effort Frequently, participation in a summer or 
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sabbatical leave program at Argonne or another DOE Ub lead* to a joint research proposal 
»nd a continuing collaboration Theee partnerships thai spawn research program* on 
cottage and university campuses which then involve even more undergraduates in research, 
siihsr on campus or again in one of the laboratoh«L We now have about 70 faculty members 
conducting research on site during the summer and 10-15 on sabbatical leave during the 
academic year. Capacity at Argon ne is estimated to be approximately 130. 

My Division also sponsors a series of 20 to 25 workshops and conferences which 
supplement these programs for individuals in important ways. I have already mentioned In- 
Service programs and Faculty Institutes fer pre-college teachers. Faculty Institutes focused 
on recent research results are also provided on a regular basis for college faculty with a 
primary interest in teaching. Workshops which present the capabilities of the major 
experimental facilities at the Lab. which the Department makes available to university 
faculty, are also a regular event We would like very much to be able to expand this series by 
about 25%, particularly in conjunction with the new pre-college outreach and teacher 
network programs I described earlier. 

Finally, we also provide teaching and research faculty with access to instrumentation 
available at the Lab, but not on many campuses through a Regional Instrumentation 
Sharing Program. This is done on an individual, special arrangement basis. There is 
considerable demand for this program, particularly from faculty at nearby small colleges 
which have little hope of acquiring extensive laboratory facilities themselves. Funding for 
this program could usefully be increased by a factor of 2 or 3. 

I will conclude by reiterating that the national laboratories have a great deal of 
unused potential for the support of seienee education at all levels. We are very pleased that 
this has been recognised and that the Committee is interested in finding ways to irake 
greater use of this resource. I would be glad to respond to questions and to providr the 
Committee with any further details it might require. Thank you. 
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Ms. Lloyd. Thank you, Dr. Springer. We will withhold our ques- 
tions until all our panelists have concluded their statements. Dr. 
Perry, we now look forward to hearing from you. You may need to 
move that microphone closer to you since we are sharing today. 

STATEMENT OF DR MANUEL PERKY 

Dr. Perry. Thank you. Chairman Lloyd, Mr. Schiff, 1 very much 
appreciate the opportunity to come here and appear before you 
today. 

As you are aware, the Lawrence Liver more National Laboratory 
is one of the largest and in my view one of the best science and 
technology research facilities in the world. We employ over 9,000 
scientists and technical support personnel at our organization. 

One of my responsibilities as manager of the planning and devel- 
opment group at the Laboratory is the study of changes that affect 
our ability to recruit and hire individuals. What I see is a rapid 
diminishment of the pool of qualified young and interested scien- 
tists and technologists coming into the professions. 

1 know that there is no need for me to spend time and try to con- 
vince this Committee of the critical need of the immediate and full 
scale effort to raise the level of science education in our Nation s 
schools, that's the reason we are here today. There is also no need 
for me to remind you of the scienti n : excellence of the national 
laboratories. But what does need pointing out is the disconnect that 
presently exists between these centers of excellence and our 
schools. 

A profound and widening gap exists between the scientific com- 
munity and the general public, and this gap has created a work 
force that does not possess an up to date awareness of the current 
status of scientific and technical knowledge. Such a lack of scientif- 
ic and technological literacy creates apprehension and distrust at 
the very moment this country most needs the creativity and the 
enthusiasm of well-informed, well-educated young scientists and 
technologists. 

To continue to depend upon present scientific community to meet 
the current and the future international competition in science and 
technology, while ignoring those who will replace them, is to eat 
our own seed corn. The American scientists and technologists of 
the 21st century are in our schools now. We need a strategy to 
engage the whole, entire scientific community and especially those 
at the national laboratories in the process of reclaiming science 
education. 

I propose that the quickest and the most effective solution to this 
dilemma is to replace the disconnect with an efficient, smooth-func- 
tioning collaborative connect between our schools and our centers 
of scientific excellence. Such a union will ensure the quality of 
future scientists and technologists and the future is with us now. 

As you know, most of the national laboratories are already in- 
volved in independent programs designed to support science educa- 
tion in our own areas. For the last 20 years, Lawrence Livermore 
Laboratory has developed and run many successful education out- 
reach programs in an effort to narrow the gap. During these 20 
years, we have developed over 86 education outreach programs, 60 
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plus programs are active today. We have education programs for 
students, for teachers and administrators. Our student programs 
involve students K through 8, high school, community colleges and 
universities and post-doc. Our faculty programs involve teachers 
from elementary schools, high schools, community college, college 
and universities. Our goals for our programs are key. Having sci- 
ence and technology experienced as an interesting, fun ar.J an 
achievable activity; having hands-on science of hear, see, as well as 
do, having science and technology seen as inter-related and that 
present walls between the two disciplines of science and technfl^p- 
gy f having them come down. And having all students, all races and 
both sexes, understand that they can achieve and that they are 
welcome in the field of science and technology . 

Our commitment u> education programs is unique. If it is impor- 
tant to the laboratory to do it, then we will find a way to get it 
done. 

I admire and applaud the efforts that we have undertaken over 
time as well as those of the other laboratories. But I also know that 
such independent programs engender duplication, unevenness of 
effect and slow progress. I.*aboratory~specifie programs tend to be 
diffuse in subject matter, generally unknown outside their own 
region, uncoordinatt*d and lacking in continuous funding 

Scientists and technologists participating in these programs are 
often not recognized as performing a service to education commen- 
surate with their programmatic contribution. Consequently many 
people participate at a risk to their career. 

Let me now close by making some recommendations. 1 recom- 
mend that Congress establish a policy endorsing the legitimacy and 
the necessity of science education activities by all program areas of 
the national laboratories. Such a mandate from Congress would un- 
derlie the stated commitment of this administration to education. 

Also I recommend that Congress provide sustained educational 
outreach funding at a level which will ensure* the continuity of ef- 
fective programs. 

For the national laboratories, I make these recommendations, 
that we involve staff members from all disciplines; scientists, tech- 
nicians* crafts persons, in education outreach programs aimed at 
narrowing the gap, that the national laboratories provide the time, 
the dollars and the recognition for employees to develop quality on- 
going education programs, and that the national laboratories serve 
as regional centers, providing quality educational programs in 
their own areas articulated with their own schools, and then final- 
ly that the national laboratories collaborate with other scientific 
laboratories to develop a system to exchange information, effective 
programs and educational materials. 

These recommendations, directed nationally, using the highest 
level of scientific expertise found in our laboratories as resources to 
our schools, and receiving continuous funding, will begin the turna- 
round in scientific and technical education in this country. If such 
recommendations are instituted by the present administration, and 
if the involvement of laboratory scientists and technologists is rec- 
ognized as an important part of our professional responsibility, we 
can do again what we did in the 1050's faced with Sputnik and 
similar educational dilemma. 
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I strongly urge this Committee to put these recommendations in 
place as soon as possible. 

Ms. Lloyd. Thank you, Dr. Perry. All of this testimony is rich 
and is well prepared and I want to congratulate all of you. 

Bill, we look forward to your testimony as equally informative. 
Please proceed. 

[Materials submitted by Dr. Perry follow:] 
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EDUCATIONAL PROGRAM FARTXCZATION 
FRE-COUJSCT SUNKftR? TABLE 

IK - 12) 



ST0DE8T FACULTY 

MmOXIBS EMfifinrtS £fioattfi 

Advisory/Consultant 0 l 

Cartar Fair 1 0 

CoHaborativa Raaaarch 0 1 

Confaranca 1 1 

Othar — Information Sharing 0 1 

Othar — Taachar Enrichmant 0 1 

School Yaar Work Exparianca 2 0 

Skill Training 3 0 

Studant /Taachar Training 0 0 

Suasaar Work Exparianca 2 0 

Taachar Training 0 4 

Taachar Train ing/Raaaarch 0 1 

Toura/Spaakars 1 0 

Morkahop 3 l 

13 11 



» OfUMD TOTAL «*1 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE PAE-COLLEG3E STUDENT PROGRAMS 
UC-12) 

LISTED BT TYPE OT ACTIVITY 
May 9, 1989 



ACTIVITY: Camr r»ir 
titles Carttr Days 

EDOC GROUP (STUDENT) t Elaaantary/Righ/Collaga 

AFFIRMATIVE ACTION PROGRAM?: N 

PROGRAM PURPOSE OR GOAL I 

Upon raquast various schools will hava a cirMr day . various 
Laboratory dapartaants will sat up information booths on campus 
ragsrding caraars. Chabot Collars vail ay caucus sponsors *n snnusl 
Caraar Day which LLNL anployaas hsva baan participating in for tha 
past 7 yaars. 



ACTIVITY! Confaranca 

TITLE j Expanding Your Horisons Scisncs * Math Confaranca 

EDUC GROUP (STUDENT) : $th-High School 

AFFIRMATIVE ACTIOS PROGRAM?; H 

PROGRAM PURPOSE OR GOAL: 

A 1 day confaranca, ha Id at Chabot Col lag* in Livaneora. 
Tha Livarnora confaranca is ona of about 80 EYS confaranca* hald 
across tha country annually. Coordination is through tha Math/ 
Scianca Raaourca cantar at Mills collaga in Oakland. Tha Cantar was 
foundad in 1976 for tha purposa of putting on thasa confarancas. 
Tha purposa of tha confaranca is to ancouraga junior high and fan i or 
high giria to continue taking aath k scianca cou?&as and to provida 
thasi with fasaia rola aodals in tha sclantific arass. 
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EDUCATIONAL OOTREACH PROAftMS 
ACTIVE PRE-COUJEGE STUDEHT PROGRAMS 

LISTED BY TYPE OP ACTIVITY 
My 9, 1989 



ACTIVITY i school iNr Work Eaparianca 

TITLE I Plant Enginaarlag Exparianca Program (PEEP) 

ZDVC CROOT (STUDENT* s Blgh School 

AITXRMATIVE ACTICK PROGRAM? : H 

PROGRAM PURPOSE OR GOAL: 

A high achooi work arparianca program for atudanta 1$ yaar* of 
aga until graduation. Thay work 15 hour* par waak during tna school 
yaar and full tima during tha aummar and holiday*. Major amphaiia ia 
laaroing raaponaibility and commitmant to what having a job Mans* 



ACTIVITY : School Yaar work Exparianca 

TITLES Studant Tachnology Exparianca Program (STEP) 

EDUC GROUP (STUDENT) i Sigh School /Col laga 

AITIRMATIVE ACTIO* PROGRAM? 5 Y 

PROGRAM PURPOSE OR GOAL; 

Tha program of far* local high achooi and collaga atudanta 
aaaningful work axparianca, and ancouraga* tha* to continua thair 
•ducat ion in acianca, anginaaring or Kw*lna**. Participant* suit ha 
full-tima *tudant* and maintain a aati a factory acadaaic atanding. 
Participant* can work up to 16 hour* par waak during tha achool yaar 
and 40 hours par waak during tha *usamar. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE PRE- COLLEGE STUDENT PROGRAMS 
(K-I2) 

LISTED BY TYPE OF ACTIVITY 
May 9, 1989 



ACTIVITY! Skill Training 

TITLES Apprenticnahip & Pre- Apprentice ship Program (AP) 

EPOC GROUP (STUDENT) j Appreaticaahip 

AFFIRMATIVE ACTION PROGRAM?: I 

PROGRAM PURPOSE OR GOAL: 

AP program auppliaa on- t ha- job training and claaarocai training 
leading to atata cart if i cat ion aa a jottrnny-lnvei craftaporson. 
participaota work full tina in advanced technoiogiaa during 
their 3-« year apprenticeahip. At leant 144 hoar a of related claaa- 
room in it met ion and approx. 2OC0 hour a of productive work are includ- 
ed in tha program. AP poaitioni are publiahed in the Lab' a CURRENT 
employment OPPORTUNITIES bulletin. Applicant* mat be 18 and have a 
high aehool diploma or (GEO) * Applicant! are required to take a 
standard math and mechanical taat. 

ACTIVITY; Skill Training 

TITLES On-Tha-Job Training Program COJT) 

EDUC GROUP (STUDENT) : Element ary/High/Col lag a 

AFFIRMATIVE ACTION PROGRAM? i V 

PROGRAM PURPOSE OR GOAL: 

OJT program providas tachnical »nd clarcial akilla training 
to individual* who have limited markatable akilla and arm unemployed 
or underemployed. Soccaitful completion of the training and the 
mxiatenca of an appropriata opening can load to career employment 

at LLNL. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE PRE -COLLEGE STUDENT PROGRAMS 

LISTED BX TYPE OF ACTIVITY 
Hay 9, 1989 



ACTIVITY: Skill Training 

TITLE: Tutor Progrem 

EDOC GROUP {STODEWT) t 7tb-Collega 

AFFIRMATIVE ACTIO* PROGRAM?: » 

PROGRAM PURPOSE OR GOAL: 

The tutor program brings together Lab employee* with 
students who want help in understanding math* acianca and computers 
Thai aer rice la voluntary and tutoring ia dona during non-work hour* 
Sinca 1977 sora than 800 students hava bean matched with LLNL 
employees, in 1984 mora than 200 atudanta were tutorad on a variaty 
of technical topica. Tha cara and encouragement Lab tutors show 
hava eft an baan citad by atudanta aa a prima factor in thair deci- 
aion to continue on in the math r science and computer fields. 



ACTIVITY ; Summer (fork Experience 

TITLES DOE High School Student Supercomputing Honors Program 

EDOC GROUP {STUDENT) : High School 

AFFIRMATIVE ACTION PROGRAM? : K 

PROGRAM PURPOSE OR GOAL: 

The progrem offers the brightest high school students in 
the field of computational science hands-on experience with the 
world's fastest and most sophisticated computers, in addition, 
it introdocea the atudanta to Laboratory -dentists — experts in 
a variety of diaciplinea — who share the.tr computing experience 
with the students- Each student completes a programming project 
to demonstrate the capacities of the supercomputers. This hands-* 
on experience provides an opportunity to solve problems in mathe- 
matics, physics and computer graphics. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE PRE -COLLEGE OTTOBWT PROGRAMS 
<K-1?> 

LISTED BY TYPE OF ACTIVITY 
May 9, 1989 



ACTIVITY s Susan* r Iforfc Exparianca 

TITLE: High School Sumr Program 

KDDC GROUP (STODEJTT) $ High School 

AFFIRMATIVE ACTIOS PROGRAM?: N 

PROGRAM PURPOSE OR GOAL: 

Program providaa on- tha- job work «*perianca for 1 Granada 
High School atodant and I Livansora High School studant. Givas 
studaats exposura to th« LLNL environaant And provides community 
Involvaaaat by (ho dapartjaant. 



ACTIVITY; Tour/ Spaa* ar 

TITLE i Explorar Post Boy Scouts of Arnrica 

EDPC GROUP (STUDENT) s High School /Col logo 

AFFIRMATIVE ACTION PROGRAM? : £ 

PROGRAM PURPOSE OR GOAL: 

Too prograa tras astablishad to aneouraga young pooplo to axplora 
caraars in tcionco and onginooring fiald*. Girls and boys, batwaan 
tho agos of 14 and 20# hava tha opportunity to iataract with LLNL 
sciantists and anginaars tnd to at t and lacturas and tours. Tha main 
goal of tha program is to hava participants gain insight into caraars 
through hands-on axparianca. 



ERIC 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE P RE-COLLEGE STUDENT PROGRAMS 

LISTED BY TYPE OF ACTIVITY 
Hay 9, 1989 



ACTIVITY: Workshop 

TITLE: Art in Science 

EDUC GROUP (STUDENT) : K-12 

AFFIRMATIVE ACTION PROGRAM? ; N 

PROGRAM PURPOSE OR GOAL: 

The purpose of the project is to have students understand the 
role of art in science, science history/ and lesrn about Black 
contributors to the fields of science and technology* The workshop 
ie designed to enhance students' art skills, teach graphic design, 
discuss careers of art in science, and learn about Black scientists 
and inventors. 



ACTIVITY; Workshop 

TITLE: Engineering fr Science Career Day 

EDUC GROUP (STUDENT) : High School 

AFFIRMATIVE ACTION PRO-AM? : N 

PROGRAM PURPOSE OR GOAL: 

Zm held a one-day workshop* Mechanical engineers and 
scientists answered students' questions and gave overviews of their 
careers They also explained how they became interested in science 
and technology, what high school and college courses are required, 
etc. The goals for the workshop were to encourage students to 
pursue careers in science and math and, because of the shortage of 
females with good math backgrounds, to encourage female high 
school students to keep taking math courses. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE PRE-COLLEGE STUDENT PROGRAMS 
<K-I2> 

LISTED BY TYPE OF ACTIVITY 
May 9, 1989 



ACTIVITY: Workshop 

TITLE t Science On Site (SOS) 

EDUC GROUP (STUDENT) : K-8 

AFFIRMATIVE ACTION PROGRAM?: W 

PROGRAM PURPOSE OR GOAL? 

A workshop for the satire staff of «u elementary or middle 
school. Bald at the school, it ia a special time for teachers and 
administrators to take "time out" together to ana X yea thair science 
teaching techniques, attitudas and goals* Tha focus is on helping 
teachers. Workshop also eovars tha general goals of scianca educa- 
tion, including preparing young people for a modem technological 
world where science and computer literacy are becoming mandatory. 
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ED0CATIOHAL OOTREACH PROGRAMS 
ACTIVE PRE-COLLBGE FACULTY PROGRAMS 
(K-12) 

LISTED BY TYPE OF ACTIVITY 
May 8, 1989 



ACTIVITY: Advisory /Consultant 

TITLES Liveraore valley School District Science Advisory Council 

EDOC GROUP (FACULTY) s Advisory Committee 

AFFIRMATIVE ACTION PROGRAM? : N 

PROGRAM PURPOSE OR GOAL: 

The purpose of the council is to improve the quality of 
science education in the Livermore Valley elementary * secondary 
schools. The council is involved in long-range district planning, 
eates recommendations# provides technical advice and proposes and 
reviews ideas for science projects and programs. 



ACTIVITY ; Collaborative Research 

TITLE: Green Bouse Qmm t Global Climate Change (C02) 

EDUC GROUP {FACULTY) ? High School/Middle School 

AFFIRMATIVE ACTION PROGRAM? 2 K 

PROGRAM PURPOSE OR GOAL: 

A program to provide teachers nationwide with the support 
necessary to develop effective, multi-disciplinary instructional 
materials for addressing issues related to the problem of carbon 
dioxide build-up in the earth's atmosphere. By focussing on a 
problem of international concern, this program creates a setting in 
which the physical, life and social sciences are seen as relevant 
and beneficial to humanity. The program also inspires a valuable 
partnership between the nation's scientific and educational 
c omm u nities. 
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EDUCATIONAL OUTREACB PROGRAMS 
ACTIVE PRE -COLLEGE FACULTY PROGRAMS 
(K-I2) 

LISTED BY TYPE Of ACTIVITY 
Nay 8, 1989 



ACTIVITY i Conference 

TITLES Preparing for Toetorrow'a Technological Hstds 

SDOC GROUP (FACULTY) : Elementary /High/Col lege 

AFFIRMATIVE ACTION PROGRAM?; 8 

PROGRAM PURPOSE OR GOAL: 

The conference was ii»td at identifying creative solutions to 
the critical issue of the nation's ability to supply the technical 
workforce of the future. A total of 300 Bay Araa educators and 
representatives frost private industry and the Laboratory attended. 
As a result of tha conference* LLHL staff have been asked to attend 
curriculum and school district advisory boards. Tha goal of tha 
conference was to increase the interest of elementary, high school 
and college students in careers in science and technology so there 
will be no shortfall of manpower in these fields in the future. 

ACTIVITY t Other- information Sharing 

TITLE: Electronic Educational Bulletin Board 

EDtfC GROUP (FACULTY) t Elementary /High/Col lege 

AFFIRMATIVE ACTION PROGRAM? t H 

PROGRAM PURPOSE OR GOAL} 

program was established to provide a national network to local 
teachers for science curriculum sharing and general information 
sharing, etc. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE PRE -COLLEGE FACULTY PROGRAMS 
(K-12) 

LISTED BY TYPE OF ACTIVITY 
May 8, 1989 



ACTIVITY 5 Other-Taaehar Enrichment 

TITLE i sec Saturday Lecture Series 

educ group (faculty) s k-12 

affirmative actios program? : n 

program purpose or goal: 

Thia school yaar saries ia designed primarily for elementary 
thru high school teachers, to give thaw a chance to Mat informally 
with laaders of tha computer and scisnca fialds. Thia givee taachara 
an opportunity to experience aome of tha powerful idaaa that thay io 
of tan have raad about , but hava navar had tha chance to axparianea 
first hand. Tha baaa audience is teachers, but student* in 
elaaentery thru high school can also find thaaa lacturaa interesting 
and informative. 



ACTIVITY: Taachar Training 

TITLE: Handa-On Experimental Laboratory Programs (HELP) 

BDOC GROUP (FACULTY) s K-8 

AFFIRMATIVE ACTIOH PROGRAM? : K 

PROGRAM PURPOSE OR GOAL: 

HELP workshops pro v Ida hands-on experiment* and projects that 
elementary and middle school taachars can adapt for thair own 
classrooms, HELP workshops ara conducted f raw of charge at tha SEC. 
Acadaajic eradit is available through Cal Stata University, Bayward. 
Enrollment is limited to 12 taachars* 
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EDUCATIONAL O0TREAC31 PROGRAMS 
ACTIVE PAE-COLIXGE FACULTY PROGRAMS 
CK-12) 

LISTED BY TYW OF ACTIVITY 
May 8, 1989 



ACTIVITY i Taachar Training 

TITLE: Helping Our Partnari Enrich Sciar.ca (BOPFS) 

ED0C ORO0F {FACULTY) J K-6 

AFFIRMATIVE ACTION PROGRAM?: 8 

PROGRAM PURPOSE OH GOALS 

HOPES is a contprahansivs taachar training program daaignad to 
haip alemantary school taachara gain conf idanca and support in tha 
taaching of acianca. 



ACTIVITY i Taachar Training 

TITLE: Lawranca Livanoora Elaaantary School Study of Natura (LESSON) 

ED0C GROUP (FACULTY) i K-3 

AFFIRMATIVE ACTION PROGRAM?: Y 

PROGRAM PURPOSE OR GOAL: 

Tha goal of LESSOH ia to davalop and maintain in atudanta of 
a young aga tha potential for acianca study and to amivata than to 
aabraca tha study of scisnea through high school and collaga. Tha 
Laboratory providaa 2.5 waafc workshops for alaaaotary/aiddla school 
taachars. Tha workshops daoonstrata tha "hands on" approach to 
taaching acianca and raspond to taachars' quaations in tha araas of 
physics, chaaiatry, biology, alactricity anji Mgnatiaa, Hat ar is Is 
for in-class and ta*a-ho*a axpariaants ara providad. — 
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EDOCATIOHAL OUTREACH PROGRAMS 
ACTIVE PRE-COLUEGE FAOJLTY PROGRAMS 
CK-I3) 

LISTED BY TOE OF ACTIVITY 
May 8, 1989 



ACTIVITY: Twchtr Training 

TITLES Summer Science Institute (SSI) 

EDOC GROUP (FACULTY) J K-6 

AFFIRMATIVE ACTIO* PROGRAM?; N 

PROGRAM PURPOSE OR GOAL: 

SSI helps teachera feel better about teaching thair science 
classes. SSX includes lectures, experiments, lesson planning and 
field trips. Teachers also experiment with lessons they develop, by 
praaanting than to summer school classas. Teachers who participate 
in SSX hold in-service training workshops, at thair individual 
schools, to share what they I earn ad ovar tha summer. 



ACTIVITY; Teacher Training/Research 

TITLE; Caribbean Basin Program 

EDUC GROUP (FACULTY J ; R-8 

AFFIRMATIVE ACT I Cm PROGRAM? ; Y 

PROGRAM PURPOSE OR GOAL; 

Tha Lab doss collaborative research and special projects that 
are mutually beneficial to tha Laboratory , University of 
Puerto Rico and the University of tha Virgin Islands. One project is 
the Laboratory's co-sponsorship with tha Univ of the Virgin islands 
and the Virgin Islands Dept of Education to conduct two LESSON work- 
shops during the summer of FI88 to upgrade the level of elementary 
school science education in the public and private schools on the 
islands of St. Thomas and St. Croix, 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE FRE-COLLEGE FACULTY PROGRAMS 
IK- 12) 

LISTED BY TYPE OT ACTIVITY 
Nay 8, 1989 



ACTIVITY: Workshop 

TlTLEs N. E. Sumr Engineering Institute Program 

EDUC GROUP (FACULTY) : High School /College 

AJTIRMATIVE ACTION PROGRAM?: M 

PROGRAM PURPOSE OR GOAL: 

Community College and High School teachers participated in 
thie program. Workshops are held on various technological subjects 
plus Laboratory tows are offered. Teachers ere given materials to 
use in the classroom, plus copies of all lectures during the work- 
shop « The goel is to stimulate students' interest in technology 
by giving drafting teachers up-to-date information* Because of 
the overwhelming state-wide response to this program, a proposal 
was made to the State, that the same type of workshop be held in 
Southern California* Hughes Aircraft was interested in administering 
this program in Southern California, 



205 



sbucaticral outreach programs 
active pre "college studeht/faculty programs 

(K-12) 

LISTED BX TYPE OF ACTIVITY 
May 9, 1909 



ACTIVITY: Skill Training 
TITLES Casput*r Learning Center 

BmC GROUP <SW/T*C) : X-12 

atfi warm actios program?: n 

PROGRAM PURpSSC OR GOALS 

Offers a via* rang* of classes, workshops and self-guided 
tutorials on the facility's IBMr Apple II and PLATO courseware. 
Prima goal is to halo teachers and students overcoats roars associated 
with using coogmters as wall as to provide assistance* Tutoilals 
cover topics auch as LOGO, BASIC, typing, and other progress from 
the software library. 



ACTIVITY: Skill Training 

TITLE: Logo Clsases 

EMC GROUP iSTV/ThC) : K-8 

AFFIRMATIVE ACTION PROGRAM? i N 

PROGRAM PURPOSE OR GOAL J 

Beginning, intermediate and advanced level Logo computer 
claaaea are offered to 3rd thru 8th grade students. Classes ere 
2 hours and are held before, during and after school. Logo classes 
vary from elementary programming to working with the fibonacci number 
series end fractals. Summer cl esses are offered to students ss ire 11 
es faculty. 
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EDUCATIONAL OUTREACH PROGRAH3 
ACTIVE PRE-COLLECEE STUDENT/FACULTY PROGRAMS 

LISTED BY TYPE OF ACTIVITY 
May 9, 1989 



ACTIVITY s Student /Teacher Training 

TITLE: Fuaion Energy Education Program 

EDOC GROUP (STO/FACM Element ary /High/Col lege 

AFFIRMATIVE ACTION PROGRAM?: N 

PROGRAM PURPOSE OR GOAL: 

Tha goal of this program is to provide mat aria 1 for 
integrating information about the fusion proceas and fusion 
tachnology for science education at all grade levels. 



ACTIVITY: Student /Teachar Training 

TITLE: Star Project 

EDOC GROUP (STU/FAC) i K-12 

AFFIRMATIVE ACTION PROGRAM?: N 

PROGRAM PURPOSE OR GOAL; 

Through the fedaral Star Schools prograa/ students receive 

oath, science and foreign language instruction via satellite. The 

Lab, California State University system, NASA and the California 

Institute of Technology joined together to write the state's 55.7 

Billion grant proposal. Some 5100 million in federal education funds 

will be awarded over the next five years. Currently, the Lab offers 

teacher training workshops and activities* Nith the incaption 

of the Star Schools program, teacher training and workshops will be 

expanded more widely by state-wide broadcasting. 
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EDOCATIOKAL OUTREACH PROGRAMS 
ACTIVE PRE-COLIXGI STODENT/FACULTY PROGRAMS 
(K-12) 

LISTED BY TYPE Of ACTIVITY 
May 9, 1989 

ACTIVITY; Suaasr Worfc Sapariaaca 

title: Sitmr Youth nnployamnt Program (SYEP) 

EDOC GROUP (STU/FAC) t High school 

AFFIRMATIVE ACTION PROGRAM? ; N 

PROGRAM PURPOSE OR GOALS 

Plant Bnginaarin? works with tha school district to apploy 
dissdvmntagad and adu cationally handicapped studants for tha 
auowar. Tha studants hava an on -sits auparviaor fron tha school 
district aa wall aa closa suparvision by Laboratory parsonnal. 
Studants ara awployad as gardanars, custodians and in clarical 
positions. 



ACTIVITY* Tour/spaakar 

TITLE 2 Livarmora Cowputar Cant a r - Coaputar Muiaum 

KDUC GROUP (STU/FAC) ; Elaaantary/BigJi/CoUaga 

AFFIRMATIVE ACTION PROGRAM?! N 

PROGRAM PURPOSE OR GOAL: 

Tha srnsaus of fars a * hands -on* axhibit, Thraa vidaos * 
*A Cslculatad Growth 1 *, "Graphics" and a "Tour Through tha Coaputar 
Cantar*. Locatad at Alaond Ava School in Pod F. Praf #rr*d group 
aisa is 20. 
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SWCftTXOtUU. OOTftSftCB FROGRAKS 
ACTIVE PRE -COLLEGE STtJOEUT/ FACULTY PROGRAMS 

LIS7XD BY TYPE OT ACTIVITY 

ACTIVITY* Toar/Sp***#r 
TITLE: SpMfcar* Buruu 

EDUC GROUP (STO/FAC) J EiM»flt«ry/Higfc/C0ll«9» 
AFFIRMATIVE ACTION PROGRAM?: 8 
PROGRAM PURPOSE OR GOAL; 
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ED0CATIORAL ?ROG*AH PARTICIPATION 
UNDERGRADUATE SUf4€ART TAJMJ5 
{COLLEGS/0WXVER5 ITT) 



STTOWT FAC0LTT STD/FAC 

ACTIVITIES miSBftBS PRQtSAMS PROGRAMS 

Adviaory/Conaultaot 2 11 

Collaborative Raaaarch 0 10 

Con fa ran c« 10 0 

Educational r^vr»lopn»nt/ Support 0 0 9 

Other- — Course Work; 10 0 

School Year Work Experiance 2 0 0 

Skill Training 0 4 2 

Suaosr Work Eaperience 1 0 0 

Toura/Speakera 0 0 2 

Workshop 0 0 1 

7 6 15 



~OfUMD TOTAL -21 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE OH0W0RADWOT5 STODE H T PROGRAMS 
(COLLSCT/UNIVERSITT) 

LISTED BY TYPE Of ACTIVITY 
My 8, 1989 

ACTIVITY i Advisory /Consultant 

TITLE: Arizona Hnvajo/Hopi Indian Project 

EDUC GROUP {STUDENT) : Collage/University 

AFFIRMATIVE ACTION PROGRAM?: N 

PROGRAM PURPOSE OR GOAL: 

Tha Dean of Engineering at Northern Arizona University 
requested aaaiatance from Laboratory engineara in helping some 
150 university engineering students install photovoltaic call a on the 
roof a of hogans at the Bavajo/Hopi Indian reaarvations which would 
enable Indian students to have electric lights to study by at sight* 
In addition, mechanical enginears and department haada ara currant ly 
working with tha Tribal Indian Council to davalop a pre-angineerino; 
school on tha Hava jo reservation, with tha goal of lowering the high 
drop-out rata of Indiana students at tha university. This is tna 
first Modernised study facility on an Indian resarvation, 
ACTIVITY: Advisory/Consultant 

TITLE? Hispanic Engineering Education Support Program 

EDUC GROUP < STUDENT) ; Collaga/Univaraity 

AFFIRMATIVE ACTION PROGRAM?: » 

PROGRAM PURPOSE OR GOAL: 

Prograa provides northern Aritona On i varsity Hispanic 
engineering student • with aupport in three areas i academic, auch aa 
counseling, tutoring and mentoring; cultural, pairing each atudent 
with a Hispanic oossaunity support group in hie/her hometown; and 
economic, under which MAO will contact industries in the student's 
hometown to arrange for part -time, summer or cooperative employment* 
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EDUCATIOHAL OUTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STUDENT PROGRAMS 
(COU^/OMVERSITY) 

LISTED BY TYPE OF ACTIVITY 
May 8, 1989 



ACTIVITY; Conference 

TITLE: national Association for Equal Opportunity (NAFEO) 
EDUC GROUP {STUDENT) ; Collage/University 
AFFIRMATIVE ACTION PROGRAM?: Y 
PROGRAM P0BPO5E OR GOAL; 

MAFSO sponsors annually a conference to network information . 
that would ba helpful in tha development of opportunities for HBCO' s , 
Curriculum development , technology exchange and research cooperation 
are among tha areas of interest pursued by the universities, LLNL's 
involvement with kafeo has generated applicants for summer and 
permanent career positions with the Lab, Federal, private industry 
and non-profit organisations market programs and their manpower needs 
as •rell as participate in workshops focusing on development issues. 



ACTIVITY 5 Other -Course work 

TITLE: Undergraduate? summer Institute on Con tamp Topics-App Physics 
EDUC GROUP (STUDENT) ; College /University 
AFFIRMATIVE ACTION PROGRAM?: N 
PROGRAM PURPOSE OR GOAL: 

OAS, LLNL and the Berts Foundation offer appointments to out- 
standing undergraduate physics and engineering students . The 
curriculum consists of lectures and projects* The Summer Institute 
provides the participants a unique opportunity to develop an under- 
standing of the basic principles and current state-of-the-art of 
several currently very active and exciting areas in Applied Physics. 
The students gain hands-on experimental, theoretical or computational 
physics experience by completing a small project. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STUDENT PROGRAMS 
(COLLEGE/UNIVERS XT* ) 

LISTED BY TYPE OF ACTIVITY 
May 8, 1989 



ACTIVITY: School Year Work Experience 

TITLE: Co-Operative Education Program {CO-OP) 

ED0C GROUP (STUDENT) : College/ University 

AFFIRMATIVE ACTION PROGRAM? : Y 

PROGRAM PURPOSE OR GOAL; 

CO-OP program provides college students with practical 
research experience while they are in college. Students alternate 
semesters working full time at the Lao and working toward their 
degrees. The work experience supplements and reinforces academic 
training. Emphasis is on scientific and engineering disciplines. 



ACTIVITY: School Year Work Experience 

TITLE: Utah Valley Technical College Co-op 

EDUC GROUP (STUDENT): Other-Vocational Technical College 

AFFIRMATIVE ACTION PROGRAM?: N 

PROGRAM PURPOSE OR GOAL: 

Purpose of program is to pro#*4e hands-on experience in the 
mechanical engineering technology field for vocational/technical 
students. The Co-op students get 3 months of on-the-job training 
and 3 months of technical school training and then return to the 
Nuclear Test Operations Division for 3 more months of OJT for a total 
of 6 months hands-on experience. The goal of the program is to 
provide NTOD with a good recruiting resource. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE UHDERGRAD0ATE STTOEST PROGRAMS 
(COUXG5/WIVERSITY) 

LISTED ST TYPE OT ACTIVITY 
Way 8, 1909 



ACTIVITY s Summer Work Experience 

TITLE: Suntr Beployment Program (SEP) 

EDUC GROUP (STUDENT) j Col lege/ University 

AITXRMATIVE ACT I OH PROGRAM? 5 N 

PROGRAM PURPOSE OR GOAL: 

Co* of tl»* goals of the program is to iocrtiN the r^niMta* 
tion of minorities, women, veterms And handicapped parsons in 
specific science and engineering fields. The program Also gives 
participants exposure to highly qualified scientists sad engineers, «s 
well ss to the Lad's outstanding high-tech research facilities. 
Students and f acuity are selected on tha basis of thair career 
objectives, interest and academic achievement. Most eorfc assign- 
ments ere in science and engineering, in the s timer of 1987, the 
Summer Employaaant Program (SEP) became part of SSIP. 
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EDUCATIONAL OUTREfcCS PR0C31AHS 
ACTIVE UNDERGRADUATE FACULTY PROGRAMS 
fCOLUEGE/TOIVERSITY) 

LISTED BY TYPE OF ACTIVITY 
May 8. 1989 

ACTIVITY J Advisory /Consultant 

TITLE; Vocational Education Advisory Council 

EDUC GROUP (FACULTY) : Advisory Committee 

AFFIRMATIVE ACTION PROGRAM7 r H 

PROGRAM PURPOSE OR GOAL: 

The council meets during the academic year to discuss 

di ract ions and plans for Livermore Vallay Schools' vocational 

programs and for tha Tri vallay ROC programs. 



ACTIVITY: Collaborates Raaearch 

TITLE ; Summer Instituta for Faculty Program <SIF) 

EDOC GROUP (FACULTY) * College/University 

AFFIRMATIVE ACTION PROGRAM?? Y 

PROGRAM PURPOSE OR GOAL? 

Tha purpose of tha program is to anrich tha research and 
education programs at colleges and universities with high wro ■ 
mants of minorities, *oman and handicapped students. Candidates 
should ba faculty members from tbese col legs s and univarsitias* 
Selections ara mada by matching tha intarasta of faculty mambars 
with full tima summar amploymant opportunities . 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE PmffiRGMDUXE FACULTY PROGRAMS 
(COiXEOE/OTlvraSlTy) 

LISTED ST TYPE OT ACTIVITY 
May 0, 1989 



ACTIVITY: Skill Training 

TITLE j Collaboration/Universities — Cytogenetic Studies 

KDOC GROUP (FACULTY) s College/University 

AFFIRMATIVE ACTION PROGRAM? 8 N 

PROGRAM PURPOSE OR GOAL: 

Environmental Science Div. is doing collaborative studies 

with Ore. Jenkins end Senders fro© eel State Oniv at Long Beech. 

They ere continuing to adapt end develop state-of-the-art set hods 

for the detection of cytogenetic damage in selected aquatic 

organisms. 



ACTIVITY: Skill Training 

TITLE j Collaboration/ Universities — E. Sicilian©, Univ. of Texas 

ED0C GROUP (FACULTY) i College/University 

AFFIRMATIVE ACTION PROGRAM? j N 

PROGRAM PURPOSE OR GQALs 

A project in slewed end in collaboration with the University 
of Texas is underway to better understand the molecular detail of 
mutagenesis in mammalian cells and the role of UNA repair in the 
production of genetic alterations of environmental agents. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE URBERGRADUATE FACULTY PROGRAMS 
(COLLECE/UHIVKRSITY) 

LISTED BY TYPE Of ACTIVITY 
8, 1989 



activity s Skill Training 

TITLES Cpil«lx>Jc«tion/TOiiv»r»iti«»— -Organic Chemicals studies 

EDUC GROW (FACULTY) I College/ University 

AFFIRMATIVE ACTIOS PROGRAM?: N 

PROGRAM PURPOSE OR GOAL: 

Environmental Science is working in cooperation eith Dr. 
Finder of Princeton Univ to determine the feaeihlity of using 
optrodes to monitor changes in concentrations of organic compound* 
in different subsurface materials* Experiments are also being 
conducted in cooperation with Dr. Dunje OrMc-Galic of Stanford 
University, who has conducted considerable research on the metabolism 
of organic compounds by subsurface microbes* 



ACTIVITY! Skill Training 

TITLE x Collaboration/Universities— Southern Calif. Bight Studies 

EDUC GROUP (FACULTY) i College/University 

AFFIRMATIVE ACTION PROGRAM? : » 

PROGRAM PURPOSE OR GOAL I 

Environmental Science Div is participating in an inter- 
disciplinary program to investigate the fate of energy*- related 
byproducts in the deep basins of the Scut nam California Bight* 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STUDENT/FACULTY PROGRAMS 
(COLLEGE/UNIVERSITY) 

LISTED Bt TYPE or ACTIVITY 
May a, 1989 



ACTIVITY: Advisory /Consultant 
TITLES Technical Voluntasrs 

EDOC GROUP (STU/FAOt Eiaoantary /High/Col lags 

AFFIRMATIVE ACTION PROGRAM?: K 

PROGRAM PURPOSE OR GOAL: 

LLNL Technical Volun tsars hava of farad thair tachnical 
axpartisa to aaaiat in promoting aciaacw aducation, Thay hava aarvad 
op curriculum advisory ccssaittaaa and hava halpad taachara davaiop 
coaputar training skills to aaaiat than in thair classrooms. 
Voluntaars hava also adv is ad studanta with apacial projacts, sarvad 
aa antorf to studanta aith spacific caraar intaraats and halpad 
a va lusts aquipeant to ba purchaaad for acianca programs. 
Additionally, thay hava halpad schools with preplans in ansrgy 
consarvation, acoustics, asargancy prapa radnass* communication and 
scianca fair judging. 
ACTIVITY; Educational Davalopmant /Support 

TITLES RBCU-- Collaboration 

EDOC GROUP fSTO/FAC): Collaga/Dnivarsity 

AFFIRMATIVE ACTION PROGRAM?: Y 

PROGRAM PURPOSE OR GOAL i 

Tha HBCU program at LLNL contributad to astabliahing tha 
Alabsms ASM Ctai varsity doctoral program in physics — ona of two 
PhD programs in physics at HBCUs in tha U.S, Tha Fraa-Elactron 
Laaar Rasaarch Frojact sarvas to davalop AAMU raaaarch capabilitiaa 
and provida atata-of-tna-art rasaarch and training for gradustss 
at AAMU. Faculty arm also amployad at IXHL thru tha Summar Inatituta 
for Faculty program. LLHL co-host ad, with AAMU, a confaranca on tha 
LESSON Program davalopad at tha Laboratory. Tha purposa was to 
acquaint institutions with tha program and suggsst tachniguas for 
smoking funding. 
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EDUCATIONAL 0OTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STTOEUT/ FACULTY PROGRAM 

iCOhum/vmxvtRSxrx) 

LISTED BY TYPE Or ACTIVITY 

May 0, 1989 

ACTIVITY: educational Davalopeant /Support 

TITLE* Collaboration 

EDUC GROUP (STU/FAC) I Collaga/Univaraity 

AFFIRMATIVE ACTIO* PROC8lAM?i Y 

PROGRAM PURPOSE OR GOALS 

Dansa Plaasa Rasaarch ia baing dona at Atlanta Univaraity. 
AO and LLNL aciantiata continua to collaborata on tba calculation of 
•lactron collision croaa * action* for iona of tha oxygan iao- 
•lac^onic saquanca and study of othar iao-alactronic aaguancaa. Thia 
projact providaa opportunitina for graduata atudanta and faculty 
aaftbars from AO to participata in fundamental payaica raaaarch at LLHL. 
It alao providaa tnaaia projacta for graduata atudanta and axpaadad AO 
zwmmxch in atomic ralatad piaama payaica* 

ACTIVITY j Educational Davalopaiant /Support 

TITLES HBCU — Collaboration 

EPUC GROUP (STU/FAC) i Collaga/Univaraity 

AFFIRMATIVE ACTION PROGRAM?: Y 

PROGRAM PURPOSE OR GOALS 

LLML providad aasiataaca to Fort Vallay Stat a Coliaga in tha 
davalopmant of an alactrical anginaaring curriculum componant of 
Fort Vailay'a Enargy Scianca Dmgrw Program. Faculty and atudanta ara 
amployad at LUIL for tna aummar thru tna Summar matituta Faculty 
Program and tha Summar Baploymant Program. 
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ED0CATIO8AL OOTREACR PRO-AMS 
ACTIVE UNDERGRADUATE STUDENT /FACOLTY PROGRAMS 
(COLLEGE/UNIVERSITY) 



LISTED BY TYPE OF ACTIVITY 
May 8, 1999 



ACTIVITY: Educational Development/ Support 

TITUS: »BCU— Collaboration 

EDUC GRO0P (STU/FAC) 5 College/Univeraity 

AFFIRMATIVE ACTION PROGRAM?: Y 

PROGRAM PURPOSE OR GOAL: 

Thw Toroidal Plasma Research project support* Hampton 
University collaboration with tha V.S. Dept of Energy San Francisco 
Operations Off ica and Princeton Univ. Tha objective is tha 
investigation of transition batman H and L mods a in neutral beam 
heated ASDEX-type devetor discharges , 



ACTIVITY: Educational Development /Support 

TITLES HBCU — Collaboration 

ZDVC CROOP <STO/FAC) : College/University 

AFFIRMATIVE ACT: ;» PROGRAM?: Y 

PROGRAM PURPOSE OR GOAL: 

The LLWL field-geology program accepts annually approximately 
14 students enrolled at Howard University to study the latest 
geologic techniques at UTS for 5 weeks. Howard Oniversity and 
LLHL have en agreement to collaborate on physics research in tha 
field of magnetism* Objective is to enhance the graduate program in 
physics and to contribute to HU leadership in the field of magnetise. 
Two LLHL scientists have implemented this program and serve aa 
adjunct faculty* 
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EDUCATIONS OUTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STUDENT/FACULTY PROGRAMS 
(COLLEGE/ UNIVERSITY) 

LISTED BY TYPE OF ACTIVITY 
May 8, 1989 



ACTIVITY: Educational Development /Support 

TITLE; HBCV — Collaboration 

EDUC GROUP *STU/FAC>: College/University 

AFFIRMATIVE ACTION PROGRAM? : Y 

PROGRAM PURPOSE OR GOAL: 

In collaboration with LLNL Jackson State University has 
instituted a bachelor's degree program in hazardous materials 
management . This is the only program of its kind in the nation. 



ACTIVITY; Educational Development /Support 

TITLE: HBCU- -Collaboration 

EDUC GROUP (STU/FAC) : College/University 

AFFIRMATIVE ACTION PROGRAM? : Y 

PROGRAM PURPOSE OR GOAL: 

computer hardware and software have been loaned to Mississippi 
valley State University to support their Solar Energy Research Project. 
In addition, a professional and faculty exchange program was also 
daployad to strengthen the research capabilities of Mvsu. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STUDENT /FACULTY PROGRAMS 
(COLLEGE/UNIVERSITY) 

LISTED BY TYPE OF ACTIVITY 
May 8, 198? 



ACTIVITY: Educat. lonal Development , Support 

TITLE: HBCU— Collaboration 

EDUC GROUP <STU/FAC) : College • xinx v*»x sity 

AFFIRMATIVE ACTION PROGRAM? : Y 

PROGRAM PURPOSE OR GOAL: 

Through the HBCU the Laboratory provides funds and assistance 
to Southern University to perform research in "Subsoil Solute 
Transport Modeling". As a result of this research project, SU and 
LLNL has developed a bachelor's degree program in Hazardous Waste 
Materials Management. Southern Universities Director of Energy, 
Dr. Fathy saleh 13 the contact person for this degree program. 



ACTIVITY: Educational Development /Support 

TITLE : Historically Black Colleges & Universities Program r HBCU ) 

EDUC GROUP <STU/FAC): College/On i ver s it y 

AFFIRMATIVE ACT 1 OH PROGRAM?: Y 

PROGRAM PURPOSE OR GOAL: 

The primary goals of the HBCU program are tu increase 
scientific and technical expertise at individual colleqes and 
universities and to tram black students who wish to becoire 
scientists or engineers. Currently, the program works with more 
than 15 different HBCUs on projects ranging from field geoloqy to 
computer graphics to free-electron lasers. The HBCU has formal 
collaboration with 12 historical black colleges and universities. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STUDENT / FACULTY PROGRAMS 
{ COLLEGE /UNI VERS I T X ) 

LISTED BT TTPE OF ACTIVITY 
May 8, 1989 



ACTIVITY: Skill Training 

TITLE: Collaboration/Universities—Analyt ical Cytology Program 
EDUC GROUP <5TU/FAC) : Co I lege /University 
AFFIRMATIVE ACTION PROGRAM? : N 
PROGRAM PURPOSE OR GOAL: 

Analytical cytology is the focus of a loint program between 
Biomed and UCSF Medical school. It's a highly effective mechanism 
for promoting interactions betwesn LLNL and our colleagues at UC 
Medical Center. The program awards "mini-grants" as seed funding 
for collaborative res'iarch projects between investigators at UCSF 
and LLNL; it provides post-doctoral and faculty fellowships that 
support investigators from UCSF on assignment to LLNL; and it 
faciltates joint LLNL/ UCSF developments such as our state-of-the- 
art fluorescert image cytometer. 

ACTIVITY: Skill Training 

TITLE: Summer Research Participation Program {AW) 

EDUC GROUP (STU/FAC) ; College/University 

AFFIRMATIVE ACTION PROGRAM? : N 

PROGRAM PURPOSE OR GOAL: 

ANU is a consortium of universities which has the overall 
objective of promoting and coordinating research and training on 
projects of a regional nature that require interuniversity coopera- 
tion. It promotes training and research on energy-related science and 
engineering in the western part of the US* DOE through AWU, provides 
support for education and training programs at numerous DOE-sponsored 
research sites. LLNL is one of the DOE sites open for research parti- 
cipation by ASfU students and faculty. AWU students work on research 
projects on a one-on-one basis with LLNL scientists- 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STUDENT /FACULTY PROGRAMS 
< COLLEGE / UN T VERS I T Y ) 

LISTED BY TYPE OF ACTIVITY 
May 8, 1989 



ACTIVITY: Tour /Speaker 

TITLE; American Indian Society foe Science 4 Engineering (AISES) 

EDUC GROUP iSTU/FAC) : Community ^ollege/Coliege/University 

AFFIRMATIVE ACTION PROGRAM? : Y 

PROGRAM PURPOSE OR GOAL: 

The purpose of the American Indian Program is to increase the 
number of American Indian employees at LLNL and to increase the number 
of American Indian students pursuing careers in science and engineer* 
ing at the college level. LLNL provides a $1000 student award and 
hosts 3-day visits by faculty, students and faculty adviaora. 



ACTIVITY: Tour /Speaker 

TITLE: Navajo Community College Program (NCC) 

EDUC GROUP <STL/FAC): Community College 

AFFIRMATIVE ACTION PROGRAM? : Y 

PROGRAM PURPOSE OR GOAL: 

LLNL technologists make week- long visits to the Navajo 
Community College campus and assist the college faculty in teaching 
classes/ evaluating curricula and evaluating equipment. Presentations 
are made to local high schools and junior high schools through 
arrangements wade by the college. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE UNDERGRADUATE STUDENT/ FACULTY PROGRAMS 
(COLLEGE/UNIVERSITY) 

LISTED BY TYPE OF ACTIVITY 
May 8, 1989 



ACTIVITY : Workshop 
TITLE: Senior Design 

EDUC GROUP (STU/FAC) : College/University 

AFFIRMATIVE ACTION PROGRAM?: N 

PROGRAM PURPOSE OR GOAL: 

"Senior Design" if a class at Cal Poly which actively seeks 
industry participation to sponsor student project* iproblems not 
hardware costs, etc.). in February 1986 the Bean * Fusion Engineer- 
ing Div, decided to participate in the program sponsoring a total 
of three projects (paper studies) over a period of 9 months. 
Currently the Nuclear Test Engineering Division is in the midsts of 
coordinating a set of projects to be sponsored by both NTED and Beam 
Fusio.i Engineering Division to be completed by December. 
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EDUCATIONAL PROGRAM PARTICIPATION 
GRADUATE STUDENT/POST-DOC/FACULTY SUMMARY TABLE 



STUDENT FACULTY STD/FAC 

ACTIVITIES gRgfiflftBS FRTORAMfi 

Otnor — Graduate Fellowship 10 0 
Other — ffork Experience 1 0 0 

Skill Training 2 0 0 



Summer KorX Experience l 0 

5 0 



-r GRAND TOTAL » 5 
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EDUCATIOKJX OUTREACH PP GRAMS 
ACTIVE GRADUATE STUDENT / POST -DOC/ s ACULTY PROGRAMS 



LISTED BY TYPE OF ACTIVITY 
Kay 0, 1989 



ACTIVITY: Other-Graduate Fellowship 

TITLE: Natl Fhys Sci Consortium For Graduates Degrees-Min. s Women 

EDUC GROUP (STUDENT) : Other-Graduate Students 

AFFIRMATIVE ACTION PROGRAM?: Y 

PROGRAM PURPOSE OR GOAL: 

The ma n purpose and goal of this program is to expand the 

pool or qualified women and minority PhD' s in the physical sciences. 



ACTIVITY: Other-Work Experience 

TITLE; Post-College Appointment Program (PCA) 

EDUC GROUP (STUDENT) ; College/University 

AFFIRMATIVE ACTION PROGRAM?: Y 

PROGRAM PURPOSE OR GOAL: 

PCA provides Laboratory -relevant work experience to 
individuals who have completed the academic requirements normally 
associated with professional career employment in science and 
engineering disciplines. Participants work full-time. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE GRADUATE STUDENT/FOST-DOC/FACULTY PROGRAMS 



LISTED BY TYPE OF ACTIVITY 
May 8, 1989 



ACTIVITY: Skill Training 

TITLE: Occupational Medicine Resident Training (field assignment) 

EDUC GROUP (STUDENT): Post Doctoral 

AFFIRMATIVE ACTION PROGRAM? : N 

PROGRAM PURPOSE OR GOAL: 

There is an on-going occupational medicine residency 
program based at UCSF. The residents are assigned {1 per quarter) 
to the Health Services Dept. and work under the direction of the 
faculty here. This resident continues to be paid by UCSF but 
receives practice experience onsite. 



ACTIVITY; Skill Training 

TITLE: Post-Doctoral Research Staff Members (Post -Doc ) 

EDUC GROUP (STUDENT) : Post Doctoral 

AFFIRMATIVE ACTION PROGRAM? : N 

PROGRAM PURPOSE OF GOAL: 

Recent PhD's or equivalents perform basic research assignments 
at LLNL which allows the individual an opportunity to acquire further 
scientific training and to develop professional maturity in 
independent research. The Lab currently has approximately 44 Post-Doc 
employees working in various scientific departments. 
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EDUCATIONAL OUTREACH PROGRAMS 
ACTIVE GRADUATE STUDENT/POST-DOC/FACULTY PROGRAMS 

LISTED BY TYPE OF ACTIVITY 
May 8 ( 19B9 

ACTIVITY: Summer Work Experience 

TITLE: Natl Consortium for Grad Degrees for Minorities in Eng. (GEM) 

EDOC GROUP (STUDENT) : Other-Graduate Students 

AFFIRMATIVE ACTION PROGRAM? : Y 

PROGRAM PURPOSE OR GOAL: 

The purpose of this program is to provide opportunities for 
minority students to obtain a master's degree in engineering 
through a program of paid survmer eningeering internship and 
financial aid. 
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STATEMENT OF DR. WILLIAM F„ WILLIS 

Dr. Wilus. Thank you very much. Madam Chairman and Mr. 
Schiff, it is a distinct pleasure for me to be here on your panel. I 
congratulate you for what you are doing 

Ms. Lloyd. I think they want you to move your microphone. 

Dr. Wilus. Is that better? Okay. 

I am happy to be here on this esteemed panel and I appreciate 
the honorary doctor to make me fit in with this group up here, my 
esteemed colleague. 

Ms. Lloyd. Think nothing of it, we are just happy to accommo- 
date you this morning. One of the many services we provide on this 
Subcommittee. [Laughter.] 

Dr. Wilus. Thank you very much. 

We are happy to be here and talk about some of our experiences 
in this very important subject that you are addressing on your Sub- 
committee. We support education as a part of our mission in the 
valley. One of the primary things we do besides electricity and 
river control is working on the economy of the valley, working with 
our industries, and we would like to bring maybe a little different 
perspective to this panel today, based on our experience in working 
with our industries and our new entrepreneur businesses that are 
springing up, and addressing some of the concerns that they have 
working with the chambers and economic development people in 
seven states. 

We find some terrible things were happening in the valley, start- 
ed in the early I980's as industry started to recover from the reces- 
sion of that time. When they came back, they wanted to retool in 
some of the modem technologies so they could compete in a global 
economy. And what they found is they did not nave the skilled 
work force to work with that they needed to change their technolo- 
gy and their processes. We found that in looking at our school sys- 
tems and the output of them around the valley, we found that of 
course, as you well know, that our SAT and ACT scores are down 
from 20 years ago, we found that there is an 80 percent decline in 
certified and trained teachers teaching science and math in our 
schools, and most of our school systems are rural school systems in 
the valley. We found another disturbing thing to overcome that 
dearth of good qualified science and math teachers, that there is 
only about half of the number of science teachers being graduated 
in our major institutions and only about one-seventh of math 
teachers, as there was some 10 or 15 years ago, and that was a very 
disturbing statistic to us. 

We also find that in our high schools in preparing our children 
to go on to either four-year schools or postsecondary schools to $et 
a technical type degree to work, that about 40 percent of the kids 
coming out of the high schools only had a general education type 
degree, and about 20 percent were coming out with some vocational 
education type decree that was not geared to the type of industry 
that was out theiw today. And what was missing in both of these 
curriculums was science and math type backgrounds. We found 
that postsecondary schools, two-year colleges and community col- 
leges were having to go to remedial courses to get them ready for 
the technical courses that industry was demanding today. And be- 
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sides that, these kids were not able to go on to a four-year curricu- 
lum because the type of work they were getting at the two-year col- 
leges did not prepare them to move on into the four-year curricu- 
lums, and particularly because of the problems of science and 
math. We had a terrible waste segment in our education system. 

A^d that was impacting our ability to attract industry in the 
valley, it was impacting our ability to be globally competitive, not 
only in the valley, in the nation. So we could not stand back and 
not do anything. We are not educators and we do not have the high 
degree of science capabilities that are in the labs, but we thought 
we might could be integrators between industry, the postsecondary 
and secondary school systems and the laboratories where the sci- 
ence is available, to take some of the technology that is available 
today and make it applicable to help our students in our school sys- 
tems catch up and provide, the resource that our industries so des- 
perately need today. 

We started out down in Mississippi, the first place we started, be- 
cause of the problem in the high schools around the area that in- 
dustry had identified, that the science and math teachers were not 
certified to teach courses in nine counties around there. There was 
only a small pel 2nt that had certifications to teach what they 
were teaching. So we worked with a private foundation in Missis- 
sippi and the newspaper and the local school boards in the state 
and industry, to put together a program to help to bring teachers 
in from those school systems, so they could get their certificate to 
teach science and math, help upgrade their laboratories and their 
teaching equipment in their schools. We did that also with the Uni- 
versity of Martin and nine counties around the University of 
Martin— University of Tennessee at Martin. And that program just 
really did what we thought it would do, it turned on the teachers 
which later turned on the kids. We had 109 teachers in Mississippi 
and 68 I believe at Martin, over at the University of Tennessee at 
Martin, and we were particularly pleased at Martin, not only what 
it did for the school systems and the test scores with the kids, it 
upgraded that tremendously, but three-quarters of all of the ones I 
believe in Tennessee at Martin got their certification to teach sci- 
ence and math and nearly three-quarters of them then went on to 
get their Masters degree in science. One of the participating teach- 
ers at Martin, we are very pleased to report, was the National 
Teacher of the Year. And the University of Tennessee at Martin, 
you know, has been designated as a math and science center of ex- 
cellence and we believe that part of our program that we work 
with is one of the reasons why they were selected. 

Another thing we are doing is we are considering how we could 
expand environmental education in science and math in the most 
effective way throughout our region to help motivate kids to be 
turned on to it by looking at the practical siae of science and math, 
get turned on to it and then move on to higher echelons of those 
curriculums. 

We have set up an environmental network, education network, 
among universities in our area, the southeast, we have 14 universi- 
ties we are working with now and we hope to have 17 when we are 
finished, but we get about 600 teachers coming in during summer 
months and off months per year at each one of these centers, work- 
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ing on problem wiving, curriculum development of how they can 
take problem solving Sack into the classroom. And we think that 
them materials focusing on the real problem wiving and not on 
rote memorization helps students to get a more meaningful grasp 
of basic science and math, and they oegin to get turned on to it 
We are very pleased with that program, it has been a dozen years 
in existence and growing every year and we are very excited about 
what is happening as a result of that program. 

It is also— we are very pleased that that program has been used 
as a national model by the Alliance for Environmental Education. 
It has about 35 organizations across the country that embrace that 
concept Here in Chattanooga at the University, we have a water 
Quality monitoring network where 35 teachers and some 110 stu- 
dents from 33 schools in the area are conducting field studies and 
this enhances the richness of their understanding of science and 
math through practical application, and again I think it turns 
them on more to that curriculum as a vocation for the future. In 
addition there are about 4,000 students from the region that have 
additional fipM work at our Land Between the Lakes Living Labo- 
ratory between 3arkley and Lake Kentucky, Several of the partici- 
pating teachers and students in these programs are winning na- 
tional and regional awards as a result of it* 

In working with industry in the region, we are finding two prob- 
lems. As they are having to convert to new technologies, they are 
having to retrain their work force that they have in place. As you 
well know, the work force that we are going to depend on in the 
year 2000, most of those people are in the workplace today* Unfor- 
tunately, they missed an opportunity to get some development and 
education that I believe they wish they nad now because the new 
jobs are demanding a type of understanding of cognitive skills in 
science and math that was not required some 10 or 15 or 20 years 
ago. So we are working with postsecondary schools to develop pro- 
grams to bring back from industry people that need to be re- 
trained, really to get some principles of technology, so they can be 
trained in new demanding type technologies that the world de- 
mands today. 

Also we are working in one particular program we are proud of 
in Tupelo, Mississippi, It is a model program to line up two yeare of 
high school into two years of junior college or community college 
work to help bridge that transition into the technology world of 
today. It demands a lot more attention to science and math, it gets 
away from general education. Not only does it prepare the high 
school student to be more readily adaptable to the technology 
courses, laser technologies and all the computer based technologies 
of today, robotics and things that are required by the industries 
that are employing these two-year college graduates, but it also 
lines them up better to go on to four years of education if they 
choose to do that after two years in the postsecondary schools. That 
program down there is— we know the people, the community of 
Tupelo and Lee County that we work with, the industrial develop- 
ment people, the industry base that we work with down there have 
credited mat program with the creation of some 2,600 new jobs in 
that area that they might not have been able to attract if they did 
not have that skilled work force. 
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Industries today are looking at areas that pay tremendous atten- 
tion to the education sector in developing the skills that they want. 
You know very well. Madam Chairman, the impact and the 
amount of weight in the superconductor and supercoUidor project 
that is given to local educational systems in that selection process. 
And that is something that we need to be more and more con- 
cerned about. 

One very interesting program— I got very concerned a few years 
ago that the divergent and wide-spread opportunities that was be- 
coming prevalent in the area between urban schools and rural 
schools. As you well know, and in your district, there are a lot of 
rural schools that do not have the opportunities from the tax base 
or other teacher base that maybe some of our better urban schools 
have. So we wanted to look to see what we could do to develop a 
model rural school system that could bring the modern technology 
to that school system and overcome the impediment of a tax base 
of being in a rural area or having the teacher or equipment capa- 
bility to teach the kids on a level field, that other kids were getting 
in urban areas. 

We worked up in Coalfield, Tennessee, and I know you know 
where that is up in Campbell County, and we are using the video 
laserdisc technology to teach students math and science that is co- 
sponsored by the National School Board Association, Tennessee De- 
partment of Education and the local school boards. There are about 
30 teachers now that have been through that program in two years 
and some 2,000 students, and we are having that program evaluat- 
ed by Vanderbilt and they find that the kids in the school learn 
about 40 percent more quickly, they retain about 30 percent more 
than they have under the standard courses, methods of teaching in 
the area. And the moat exciting part about it— that is great and we 
expected that to happen— but the thing that is exciting about it is 
they used to have a terrible discipline and drop-out problem in the 
school and that has almost gone away, because the kids have got 
excited about learning and they want to be there. Another program 
up at Tennessee's Alvin C. York Institute that we are working 
with. This is a school in another rural school system that could not 
hire a physics teacher, just could not get one to come there. We 
worked with Tennessee Tech and the Chamber of Commerce in 
that area and some business people to bring in the satellite course 
from Oklahoma State University on physics and we find that— we 
were concerned that they could not get the quality of education 
they needed through that, and a control program with a control 
class in other schools that had good science teachers, good physics 
teachers. We found out that this method will work and in fact I 
believe they scored about 23 percent better than the control group. 

It is one thing to talk about how to get this technology that is 
available that is coming out of our laboratories and out of our re- 
search and educational research institutions to our kids. We have 
been working with the State of Tennessee this last year to try to 
take the fiber optics technology and help in that regard of transfer- 
ring this teaching technology to schools. As you know, we have 
been putting a— we are involved right now with putting 850 miles 
of fiber optics cable across our high voltage transmission system for 
our own communication system, as well as leasing it to a communi- 
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cations company. We are working with the State now to see if we 
can take this technology and working with universities or laborato- 
ries or whomever the partners we can get, to try to take some of 
the exciting teaching capability and knowledge that we cannot 
other wise get, into some of these rural areas in larger rural school 
districts, through fiber optics, that we can get a wide band of possi- 
bilities of teaching and demonstration that we can take. I think 
that is very exciting and we are very pleased to work with the 
State of Tennessee to try to help make that happen. 

I have given you a few examples of some of our partnerships. We 
are not a laboratory, but we are a demonstration agency that we 
see impediments to economic development in the area and we try 
to find the best technology and the best expertise and marry it up 
with a problem to help overcome that. And we see education as one 
of the — I guess it is one of the most serious things that we have got 
to deal with in the valley, to help ourselves compete in a global 
economy. We are doing anything we can to marry the technology 
with the kids and with industry. Partnerships are important. We 
find in the areas that we work, that when we get good partnerships 
with industry, the education community and the local government, 
we can make something happen. 

And I think that is what you are talking about in your hearings 
today, as to how to take these partnerships and put them together 
and help our Nation. We find that I guess one of the biggest les- 
sons that we have found out of all of this, are the kids, the stu- 
dents, that we have dealt with that can be turned on when they 
are given the stimulus. They get excited about it and they do tre- 
mendous things when they are given that kind of opportunity. 

As I mentioned a minute ago, to bring these technologies that 
are available, an understanding of science from people who can 
really motivate like these gentlemen here and the people in the 
laboratories, they can really motivate and turn our kids on. We 
have got the technology capability today to take that, either bring 
the kids to the laboratories or take the laboratories to the kids, and 
we should find ways to do that and I would hope that your Com- 
mittee keeps turning up the heat all the time to find better ways to 
do that. You are on to something v^ry important and we at TV A 
would like to work with you in any way we can in demonstration 
projects to help advocate that and move it on to higher levels. 

Thank you very much. 

[The prepared statement of Dr. Willis follows:] 
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REMARKS BY M. F, HILLIS. CHIEF OPERATING OFFICER 
TENNESSEE VALLEY AUTHORITY 
BEFORE THE HOUSE SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT 
COMMITTEE ON SCIENCE. SPACE , AW) TECHNOLOGY 
MAY 15. 1989 CHATTANOOGA , TENNESSEE 



TVA Is probably best known as one of America's largest producers of 
electrical energy. He also manage the Nation' s fifth largest river system, 
and we carry out a wide range of other resource development responsibilities 
for our seven-State region and the Nation, 

TVA Is vitally Interested in helping to improve the welfare and quality of 
life of the people of the region. Over the years, we have become strong sup- 
porters and partners in the work of educational institutions. We recognize 
that solid programs in math and science are essential if the region is to 
maintain a strong and productive economy 

Unfortunately, however, the condition of math and science education In the 
region is no better than in the rest of the country, and in many cases it Is 
much worse. Student SAT and ACT scores are significantly lower than they were 
20 years ago. and in the last ten years we have seen an 80 percent decline In 
the number of trained and certified science teachers In secondary schools 
across the Nation. 

According to a study by the Cooperative Institutional Research Program, 
our Nation's colleges are attracting only half as many science majors and one 
seventh as many math majors as they did in 1966. In the meantime, the number 
of students entering business programs ^as more than doubled, and the very 
brightest are going on to law school. As one professional engineering journal 
recently noted, however, we cannot sue our Nation to greatness. 

Math and science are the building blocks of today *s technical society. 
Unfortunately, the students who graduate from high school are often poorly 
equipped to tackle the more technical jobs that society has to offer. Forty 
percent of the high school students who take a general education curriculum 
are relegated to the lowest rungs of jobs in our economy. And when they seek 
better jobs, they typically need years of remedial education to prepare them 
for advanced study. Another 20 percent of the students participate in minimal 
or outdated vocational training programs, and these students, too, are 
typically Ill-prepared for either truly technical Jobs or for further 
education. 

In the early 1980s, as a result of concerns about the quality of education 
1n rural parts of the Tennessee Valley, we sponsored a joint project with the 
CREATE Foundation and Itawamba Community College 1n northeast Mississippi. 
Our studies had shown that among the rural schools in a five-county area, few 
of the instructors were actually certified to teach, and the SAT scores were 
well below the national average. Another nine-county study, conducted in west 
Tennessee with the support of the University of Tennessee at Martin and the 
Tennessee Department of Education, produced similar results. 

As a result of these studies, we helped develop programs to encourage the 
teachers to upgrade their skills. One hundred and nine teachers from 14 area 
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high schools participated in the Mississippi program, and 63 teachers partici- 
pated in the Tennessee program. The results exceeded alt our expectations. 

In the Tennessee program, for ©Mmple, almost all of the participating 
teachers became certified, and nearly three quarters of them went on to earn 
master of science degrees. One of the participating teachers was even named 
national Teacher of the Year, Moreover, when the University of Tennessee at 
Martin was designated as a Math ano Science Center of Excellence, our program 
was recognized as one of the factors considered in the designation. 

TVA has also developed an environmental education program that has proven 
to be highly effective in helping instructors teach math and science. The 
secret of the program's success is a network of environmental education centers 
located at colleges and universities throughout the region. Fourteen centers 
have been established over the last 12 years. Eventually, we hope to have 17 
centers in all. Each of the centers conducts training workshops for approx- 
imately 500 teachers a year. They also develop and disseminate educational 
materials, help communities solve local environmental problems, and conduct 
research on the practical aspects of environmental education. 

The supplementary educational materials are intended to be used as practi- 
cal problem-solving tools for general Rath and science courses. Because the 
materials focus on problem solving, not rote memorisation, they help students 
get a wore meaningful grasp of basic math and science skills. As a result, 
students understand the principles better and retain the Information longer. 

The network has been so successful that It 1$ being used as a model for a 
national network developed by the Alliance for Environmental Education. The 
Alliance is a national association of 35 organizations, including such diverse 
groups as the American Gas Association, the Boy Scouts and Girl Scouts of 
America, Edison Electric Institute, the Issac Halton league, the National 
Audubon Society, the National Education Association, and the Soil Conservation 
Society of America, 

In another program conducted through the University of Tennessee at 
Chattanooga, TVA is using high school students to operate a water quality 
monitoring network. *s of last December, 35 teachers and 110 students from 
33 schools throughout the Valley had conducted field studies, and over 4,000 
students had received additional instruction in water resources management. 
Workshops and a summer "water camp" at TVA's Land Between the lakes are an 
Integral part of the program. Several teachers and students have won regional 
and national awards through their participation in this program. 

To help students acquire better technical Job skills training. TVA has set 
up programs in several locations throughout the Valley, In each location we 
work with local industries, communities leaders, high schools, community 
colleges, and universities to provide technical training for high school and 
community college students. By integrating the last two years of high school 
with the first two years of college, we have created four-year technical 
training programs that meet the needs of students and local tftO":try. 
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The first program was established in Tupelo. Mississippi, In 1981. It has 
since become i national model for career development. It has helped create 
more then 2,600 Jobs in the Tupelo area, and It helps explain trhy Tupelo added 
more than 2 million square feet of commercial and Industrial floor space 
during the past two years. 

Many of our programs take advantage of sophisticated modern technology. 
In Coalfield* Tennessee, for etample. we have developed a futuristic instruc- 
tional laboratory using video laserdisc technology to teach students math and 
science. Video laserdiscs have been used for years 1n training airplane 
pilots, but have seldom been used in high schools or colleges. The video 
laserdisc 1s similar to the compact disc used In the music Industry, except 
that 1t has video and software components. The teacher operates the laserdisc 
by remote control and uses It to supplement Instruction and to guide classroom 
discussion. 

The program is cospon sored by the National School Board Association, the 
State Department of education, and local boards of education. Since 1985, 30 
teachers and over 2,000 students have participated in the program. The results 
show that students learn 40 percent more quickly and retain 30 percent more 
information than they do under traditional Instructional methods. Classroom 
behavior has also Improved, and the student dropout rate has declined sharply. 
The lessons learned through this program are also being applied m other areas 
in the Tennessee Valley, 

In another project, conducted jointly with Tennessee Technological 
University, the local Chamber of Commerce, and Oklahoma State University, 
students at the Alvin C. fork Institute In Jamestown, Tennessee, are taking 
physics classes beamed via satellite from Oklahoma State University. The 
classes are interactive, and students talk to the instructor at Oklahoma State 
through a telephone. Tennessee Tech's evaluation of the program showed that 
the students' physics scores were 23 percent higher than those of a control 
group. 

He are also working with the State of Tennessee on the feasibility of 
using fiber optics for telecommunications between high schools and 
universities. He are already stringing fiber optic cables on some of our 
transmission towers for the joint use of TVA and a long-distance telephone 
company. Similar fiber optic lines could be used by high schools and univer- 
sities for interactive television classes in which students at several 
locations could talk with one another and with the instructor. 

These are e*amples of TVA's partnerships in education across the region. 
The success of these programs is in large measure the result jf cooperative 
efforts between education, government, business, and industry, He have shown 
that these partnerships can work. They have become a permanent part of our 
education system in the Tennessee Valley, and they are being applied elsewhere 
in the Nation as well. 

(be of the most important lessons we nave learned through our education 
programs Is that students today can be turned on to math and science if they 
are given the right stimulus. High-tech learning through computers, video 
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laserdiscs, and satellite telecoewnlcatlons 1s exciting to the®. So 1s 
hands-on practical problem solving, which 1s offered through our environmental 
education network canters. 

Ha have a wealth of educational resources in Oak Ridge National Labora- 
tory, Tennessee's Chairs of Excellence, and the many research centers scat- 
tered throughout the Valley. Scientists at these centers are worMng on the 
fundamental problems of our time In high Intensity environments that can trig- 
ger the Imaginations of even the most jaded students. If ve truly want to 
motivate our students toward math and science careers, we should allow them 
access to these resources. 

The technologies that tva and others across the Nation are developing can 
bring these resources Into the classroom. To take these technologies beyond 
the demonstration stage, however, and make the® national 1n scope, will require 
the cooperative effort of education, government, business, and industry- 
working In partnership for the good of America's future. If we hope to have a 
Strong and prosperous future, we «u$t begin overhauling our math and science 
teaching programs today, because today's students are America's future. 
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Ms. Lloyd. Thank you very much. Bill. I am not only delighted 
to have representatives of our three national labs here, but! am 
also delighted that this gave us an opportunity for you to tell the 
story of what TV A is dwng. It is rewarding for me to know that 
you are aware of the need to improve the work force and the qual- 
ity of life here in the valley. So it is a great story that you have 
told and I appreciate that as well. 

As you were giving your testimony, it occurred to me that what 
we are really talking about here in science and engineering educa- 
tion and technology transfer, is improving the quality of life and 
the opportunities for all Americans, which is our ultimate goal that 
we are working toward. But also, it seems to me that we are rede- 
fining not only the mission of education but our methods and our 
purpose of education as well, because there are so many— educa- 
tion has become more of an ongoing process than ever before. 
Would you agree? 

Dr. Ww-us. Yes. 

Ms. Lloyd. That is what we are having to work with. As we also 
look at the national laboratories, and we are certainly aware that 
they are national treasures, but I think there will be a greater 
awareness across our country of really what goes on in a national 
laboratory, what a national laboratory means to our country, that 
it is the great treasure-house of our country and if we do create 
new wraith, from a large part it will come from what goes on at 
our national laboratories. 

In this light, would you gentlemen from the national laboratories 
comment on the fact that you will ultimately become regional cen- 
ters to provide quality educational programs, as we redefine the 
role of the laboratories? Is there any way that you can collaborate 
or maybe divide responsibilities, that there is not an overlap, and 
ultimately working together as institutions of higher learning. 

Dr. Trivelpiece. The microphone has been passed to me. 

Ms. Lloyd. Well I am sure you know how to hand it down too. 

Dr. Trivelpiece. There was a period in the history of the DOE 
laboratories, AEC laboratories, in which I think probably you could 
characterize their attitude toward the outside world as somewhat 
of insularity, if being somewhat isolated, almost hostily so in some 
cases. That period I think began to change somewhere in the early 
1970s. While I was at DOE I tried to make the case with the labo- 
ratory directors during the various meetings that we had that that 
was no longer a suitable approach, that the pattern of the past was 
really not the proper pattern for the future, that in fact the labora- 
tories themselves couid not just simply say well okay, we have 
changed our attitude. We are now going to sit and wait for univer- 
sities and industry to come to us. I said you have to take the initia- 
tive and go out and make contact with them. I thought that was 
true seven or eight years ago, I think it is still true today. To the 
extent that as a laboratory director I can cause that to happen, I 
will try to do so. 

And the answer to your Question after that long involved prelude 
is yes, they can; yes, they should and I believe that we can do more 
in tryingto take the opportunity to make contact with institutions 
such as TV A and through universities and through high schools to 
expand into the educational arena. It is not a very expensive thing 
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to do, it does take a little time, but the benefits both to the institu- 
tion and to the nation are quite large . 

I think some of the other count™ do this as well, and I nave 
noticedwith some interest how Academician Vehknov in U« 
SovietuSon has used the Kurchatov Institute and some of its re- 
SSSs to^y to provide summer camps where stu^tejeam 

^^^^^^^^^ 

^^lES^^^t*! to put one question in 
t^IT we^sf the microphone down and then I am going to 
Jut the micr^pCe o^r to^ngressman Schiff but as each one 
of^u make your replies, let me ask you one other thing. If you 
hafaddTtioni money, where would you spend it; precollege, teach- 
er traS&T^thar'in your nunds as the microphone goes down. 

Dr Thivklpieck. Can I add on to that then? 

Mb U^vrT You certainly may, that is the reason I asked it now. 

I* Trtv^piece. The thing that has concerned mej and lam a 
member of the Government, University, Industry Kesearch ^und- 
SSfor the Academy of Sciences and j^ r ^^ fl X^rlev 
chairmanship of the Sciences Education ^ replay Shirley 
HiH n«rt January That has caused me to think about some 01 
Sese ^SmfflTw^ys that perhaps not everyone has. And what has 
trSbledT s not^ much that we are losing students at the sey- 
S oTeighth glade or ninth or tenth grade, what troubles mt ms 
we^re losing them at the third and fourth year of life. You know, 
whaThapp^ns to tins absolute natural curiosity that h"» 
whnn theV are three and four years old, and then by the time you 
aamrfeTem^TthTtiiird and fourth year of school you discov. 
S^at thev not only are no longer very curious about some ot 
tiWthinS but in fact they have some rather well established 
of hituity toward science and technology. If you lose them 
tSSSTA Ju^MbaTaslosing them in high Sool or junior high 

W & h tfthere are possibilities where the laboratories could begin to 
geTinvolvS eUnTwn at younger ages, in the grammar^hoo 
a^ Mfhans even try to establish community programs that ex- 
^to^nT ^thereby make it possible ^P^hoolers to 
nave some awarenesses, that would be useful.That is nut some- 
thing where money is involved, but I wanted to add it. 

Now more srxjcifically to answer your question with regard to 
rnonw ?ti^^£rtju* simply scholarship and feUowships, com- 
Setitive tto£uS J She United States, for the ^partinent of 
f2££? n^has those that were available through the Division of 
NudSr ^cationand Training in the past would beo^tond^ 
This laboratory if it had them assigned to it, would certainly take 
SimJgerfS orwSuti be pleased to compete for the stodente 
whom* aranted them on a national basis. I do not care how it is 
done,TjuTthink it ought to be done, whether it is national or 
local or subdivided. , 

Ms. Lloyd. Very good. Dr. Springer. 
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Dr. Springer. As to operating as regional ranters, I certainly en- 
dorse that; not to the point where they do that exclusively and I do 
not think you had that in mind. For example, the way we operate 
and have for some time at the university level, is that the people 
that come to Argonne, and I think it is typical, those that come to 
the laboratory from the midwest certainly predominate but they 



come- 



Ms. Lloyd. I think I really had reference to certainly you cannot 
cover all the disciplines at Argonne. 
Dr. Springer. That is right. 

Ms. Lloyd. As you look at expanding the roles of the laborato- 
ries, I wanted your opinion of maybe dividing up some of the disci- 
plines. 

Dr. Springer. Well that is the reason that I think we cannot 
become exclusively regional. That is there are people from Chicago 
that will want something that we do not have, there are people 
from Tennessee and Florida and California that want things that 
they can't get there. So we certainly need to concentrate, and I 
think that naturally happens, that we provide— we are a resource 
for the region but we also have to be, because of the varied nature 
of the lab as you say, a resource for the whole country. 

The other sense in which we are a regional center is in a more 
general sense, that is not providing highly technical science educa- 
tion for someone interested in science, but general support for sci- 
ence education and also something we do not do a lot of and that is 
the general question now of science literacy. I think we can do a 
good deal more than that. That would be certainly on a regional 
basis— than we do now. The programs that haw begun more re- 
cently with teachers certainly are a step in that direction, but I 
think we have a natural resource to help on the science literacy m 
that we do things that are exciting ana get a lot of attention. Ev- 
erybody who reads the newspaper finds out about some of the 
things that go on in the national labs and we have that natural 
mechanism to get people's attention and use it to talk abou. uasic 
science literacy issues. ... 

As far as what we would do with additional funds, the priorities 
that we have submitted to the Department of Energy say that we 
would put additional funds into precollege programs. I mentioned 
that we are close to the City of Chicago and have as a very high 
priority to develop a strong network of support for science teachers 
in that region. We would also put as a high priority to continue the 
development of the undergraduate program which allows people to 
come to the labs during the semester. This is the science analog of 
off-campus and semester abroad programs that universities have 
had for a long time. One of the main reasons I think that is impor- 
tant is that it is not just a lab activity, it is a partnership with the 
university community where these kinds of programs would be rec- 
ognized by the university and the college as an integral part of a 
curriculum. 

And then finally, I think it is also important that we provide op- 
portunities for people to come, particularly tor graduate student re- 
search, and to use the facilities of the lab where such facilities are 
not available in their universities. Those would be my three prior- 
ities. 
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Ms. Lloyd. Thank you. Dr. Perry. 

Dr. Pkbry. When it comes to the regional centers, I behewvery 
strongly in a regional center concept, primarily from the stand- 
point,* the ability to be very effective and very focused r^r^ng 
certain types of programs connected with follow-up At the national 
laboratory!^ have the resources to assist in inching, but at the 
same time we have sort of a responsibility to follow-up as part of 
that teaching, to bring an individual in where in fact there is little 
connection or at least ongoing connection, there is a tendency to 
sendthe ship back out to sesTbut without the ability to continue to 
have the resources available. . . #q1V ;„« 

So I believe primarily we should have regional— and I am talking 
regional not within 45 miles or 60 miles, but it can be within i re- 
gions of states from the standpoint of how that national laboratory 

^Fromthe standpoint of dollars, I would see that ours would be 
one of continuing along the main thrust we have had for a number 
of years. We have to increase the pipeline, and that one is one ot ft 
through 8 with a high priority toward those type of programs of 
students as well as teachers. And m addition to that, it would be 
one of looking at the disciplines for which we provide instruction. 
Science, as in mathematics, we have quite a bit of course work 
quite a bit of involvement in those areas. But I notice as part ot 
your responsibility there is the issue of technology. Can you name 
one educational technology program targeted towards K through » 
that is pretty much effective across the nation? There are very tew. 
And at the same time we have the scientists who may think ot the 
idea, the engineer who may design it, 60 percent of our staff are 
technical support staff, and if you crank the numbers, we are run- 
nine out of support staff as quickly as we are running out of scien- 
tists and engineers and we had better pay attention to how we are 
bringing along the whole student body of a school system to meet 
our future science and technology needs. And so we would 
those monies targeted towards pipeline but across educational spec- 
tra. 

Ms. Lloyd. Thank you, Dr. Perry. 

Bill, what is your insight on this, how could t ere be greater 
interface between TV A and the labs? 

Dr. Willis. Well as I mentioned awhile ago, one of the things we 
find that the kids get turned on to is some of the new technology 
for learning. As you well know, reading is the least effective way to 
learn and retain, hearing is second, seeing is third and doing, put- 
ting hands on is the most effective way. Some of the new tecnnolo- 
gy that has come available in the last two or three years with the 
interactive video laserdisc, technology for teaching can expand the 
learning process ten-fold very easily and retention rate is great. 

The tiling that I would like to see is more marriages between 
school systems and universities where they develop the curriculum, 
provide the software for the interactive video laserdisc stuff ui sci- 
ence and math, that is the most appropriate and exciting terms 
that these exciting scientists can talk about and at the same tone 
some of the new technology in teachmg married wr& that • ^they 
can do that in the laboratories, provide that sort of help in develop- 
ing that software to go with the new video interactive laserdisc 
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type equipment, teachers can get turned on rnd expand and ex- 
trapolate their abilities many-fold times over. That is where 1 
would like to see the help because these people have the technolo- 
gy, they have the know-how to do it and they have the excited 
people to tell the story, they can motivate and provide the technol- 
ogy at the same time. That is where I would like to see the atten- 
tion put. 

Ms. Lloyd. Thank you a lot. Mr. Schiff. 
Mr. Schiff. Thank you, Madam Chair. 

Gentlemen, there are two things; first, in the discussions we have 
been having now obviously on the role of the national labs and 
TV A, and really what we are talking about is centers' expert facili- 
ties contributing to education. Do you now have— this is a begin- 
ner's question I know because I just got to Congress— are you 
funded now for any such programs or is everything you are dowr 
out of— taken out of your resources at least nominally line itemed 
for other purposes? ..... 

Dr. Trivklpiece. To some extent that is probably a question that 
would be better addressed to Toni Joseph since those funds the De- 
partment of Energy has that are dedicated toward this purpose 
come through her office, but yes, there are funds that are distribut- 
ed in that I think there could be more and I know one of the ac- 
tivities that we had talked about in the past was the idea of trying 
to have some sort of a year-round operation that quite frequently 
students come to the laboratories for the summer. In order for 
them to be there year-round, that would require some kind of hous- 
ing facilities or dormitories or the like. This was considered a 
couple of years ago and as I recall there was an attempt to use 
third-party financing, but the third-party financing had some diffi- 
culties with the Office of Management and Budget because they re- 
garded any third-party financing as an absolute commitment of the 
government even though it appeared that it had a pay-back feature 
built into it. And I do not quite know what the status of that is at 
the moment, but that would be one. 

But it is a combination— I mean the direct answer to your direct 
question is it is a combination. There are some funds provided 
through the Department which are directly earmarked as educa- 
tional funds, and then there are others which are in effect done on 
the margin and through volunteer activities at the laboratory. 

Mr. Schiff. The others are welcome to answer or not answer. I 
think you have given sort of a general answer, Dr. Trivelpiece. 

If any of you would like to answer, please do so. 

Dr. Perry. Mine is a little bit different. One of the issues I raised 
was the issue of sustained funding. A number of the programs that 
we offer, in fact the majority of the programs that we offer, are 
funded by the laboratory from the standpoint of however it takes 
to get the dollars, we will end up scraping up the dollars to get it 
done, if it is worth doing. 

There is the need for additional funding if we are going to start 
moving toward regional centers, and especially duplicating or 
transferring these type programs in regional areas. At the present 
time, we may have some very good programs, but very limited in 
die dollars we can scrape together to move and duplicate those pro- 
grams in a very sort of expeditious way. 
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Mr. Schiff. Let me ask on one other subject. There has been 
mention at least once if not a couple of times on the question of the 
number of certified science teachers now in the school system, and 
how that is particularly difficult in more rural areas for the school 
districts to provide. This is certainly not an original idea with me 
but it is one that I find very attractive. I would like to know if 
there is a possibility in your minds of appropriate staff members 
teaching courses in the public schools, say for example a physicist 
teaching one physics course in a high school during one semester. I 
obviously we two obstacles, one is that physicist is employed to do 
other things and would that staff member have the time to teach 
even one high school course. And I see a second problem with the 
certification of being a teacher. We are talking about certification 
in science, but I wonder if the educational system would permit 
someone who is not certified as a teacher to cone in and teach 
even one course in their expertise. 

I wonder if you have any thoughts on that, if that is being at- 
tempted or if you think those obstacles would be too great or could 
be surmounted. Whoever would like to start. 

Dr. Perry. I know in our area the obstacles— the walls are not 
high enough that we cannot sort of scale over them, I believe the 
crisis is of such a nature. There are systems in the State of Califor- 
nia where we can go for the emergency credential and we have 
people in systems in the State of California where in fact that 
strategy is being used. I would think if we were to think creatively 
with a large number of our employees now reaching the retirement 
stage and if we look at the termination rate and retirement rate as 
they're retiring earlier, there is a vast reservoir of top scientific 
talent coupled with educational systems where we can be creative 
around that credential, where we ran tap into a pool that to date 
has not been tapped into, the retired scientific teacher for class- 
room teaching. 

Mr. Schiff. But to do that full time — excuse me one second, Dr. 
Perry— under the present system they would pretty well have to go 
back and become certified teachers, would they not? 

Dr. Perry. Yes, but not full time certified, you can go with emer- 
gency credential and by taking just a few courses, which the school 
districts working with the community college will authorize in fact 
to have the person end up with the credential, thereby being avail- 
able to teach a semester class, to teach a weekly class. But that is 
an avenue I think worthy of pursuing. 

Dr. Springer. The sort of thing you are talking about does 
happen in our neighborhood but on a very, very limited basis and 
on a highly individual basis. That is, there are a few individuals 
that in one way or another get connected to a school and interested 
in a school and they volunteer to do some — I do not think they 
teach full courses, they typically supplement in one way or an- 
other. 

My feeling is from talking to the staff that to try to do that with 
research staff on any sort of a large or systematic basis would not 
work. That is, they do find the demands on their time to continue 
their research are the prime thing and they would take most of 
their time. 




244 

The other thing is that it takes a fairly rare individual to be able 
on the one hand to do advanced research and then to turn around 
and talk in terms that are understandable to someone who is 10 
years old or 12 or 14. It takes a fairly rare combination of talents 
there i think. 

Dr. Trivblpibce. My colleagues have covered this fairly well. 1 
think that I would only add one thought and that is what is the 
harm that could come to students by being taught by a full time 
physicist, chemist or mathematician. I do not understand the ap- 
prehension or fear that school boards and school districts have 
with respect to allowing this as a possibility. That mystifies me. 
The worst that could happen is the kids might learn something. 

Dr. Willis. In the two or three programs that we have worked 
with school districts on the certification problem, we have run into 
the same thing. We thought we could get some help from retired 
scientists and engineers and we ran into the same problem. It 
seems like the best answer is to use the scientists and engineers as 
motivators and really try to upgrade the skills of the teachers that 
are out there now, to bringing mem back and they could come into 
laboratory centers like this and work with the laboratory and get 
their certification very quickly. They can usually do this in a 
couple of summers. That is the most rapid route to the remedial 
problem. One of the larger problems we have is getting students to 
involve themselves in science teaching programs and math teach- 
ing programs in the universities now. It has fallen off tremendous- 
ly over the last number of years and we have a major concern 
there. That is where a progra n like the laboratories have to 
having the teachers to work part time with the laboratory and 
teach, to keep them motivated to stay in education, allow them to 
have a part time job with a laboratory or the scientific community 
so they can earn the esteem and remuneration from doing that and 
at the same time stay motivated to stay in teaching. 

I think that is an area we have got to find a formula of how to 
keep our bright children interested in becoming teachers and stay- 
ing in that profession once they get into it. That is part of the for- 
mula that we really have not given a lot of attention to. I do see 
the laboratories doing more lately of bringing the teachers in in 
the summer and giving them some summer employment, but that 
is a terrible problem we have in the country and we need to put 
more attention on it 

Mr. Schiff. One last thing, what about a more limited approach, 
and that is for example, as I said I am a lawyer — I believe I said 
it— by training and profession, and 1 used to go into the public high 
schools fairly frequently to give one or two lectures on my field of 
expertise in terms of criminal prosecution. And I did not teach the 
course, I did not represent that I was an educator because I am cer- 
tainly not, but I at least felt I made a contribution by at least being 
before a class for an hour or two to tell them about what I did 
every day, which with respect to the teachers, they did not. I 
wonder it there are ongoing programs which at least do that much 
where perhaps a physicist by way of example, it is certainly not 
meant to be limited, could speak for an hour or two in a high 
school physics class. Are those ongoing ideas right now of any great 
dimension and moment, because in my area I am not aware that 
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with Sandia National Laboratory and Los Alamos National Labora- 
tory in our backyards, I am just not aware that their professional 
people are in our school system very often at all. 

Dr. Perry. I believe your national laboratories like ours are 
doing what you just described. There are a lot of people who are in 
the classrooms every day. Hie way we address the question you 
just raised was from the perspective of those who are certified to be 
teachers on a semester or classroom basis. From the standpoint of 
motivators to go into the classrooms, that is going on daily. I mean 
we will have, on a yearly basis, hundreds of people from I know 
our organization, and I am well aware from Sandia and from Los 
Alamos similar type programs. But if you think about and espe- 
cially from the standpoint of the national laboratories, we have a 
tremendous percent of total scientific talent in our national labora- 
tories, located in those facilities. And if you compound that with 
the fact we have a tremendous number of minorities and women in 
those national laboratories, but when was the last time you have 
ever seen a Hispanic scientist on television, in a magazine? From 
the standpoint of role models, and if we are talking about the de- 
mographics shifting with more women and more minorities, as part 
of that mix, how do we leverage those valuable resources we have 
in our national labs, who are female and minorities, to get into 
those classrooms where they can be not only teachers in the way of 
content, but role models from the standpoint of what are possibili- 
ties for all students. 

Dr. Springer. In our area certainly there are individuals going 
for short periods of time in the way that you describe into the 
classrooms. I do not personally have a good sense of the extent to 
which that happens. The main thing I would like to say is that I 
am looking forward to what I think will be one of the main bene- 
fits of the teacher program that the Department of Energy has just 
initiated, is to create more of this. That is, the teacher program 
will bring teachers to the laboratories for periods during the 
summer and these appointments might be repeated once or twice, 
and as a result of that I think a lot of teachers are going to make 
contact with individual staff scientists and develop personal rela- 
tionships that they can then call on, the kind of thing that you de- 
scribe, without having a formal program, without having to come 
through the lab director or the Division of Educational Programs, 
they will have a friend that they can call on. And I think this will 
multiply significantly and it is certainly a desirable thing to 
happen. 

Mr. Schiff. Let me just conclude by saying that I have a very 
strong belief about government, which I brought with me to my 
present position, that we are all in this together. All of us here at 
these two tables, for example, are all paid by the taxpayers. There 
are different funding routes, but ultimately the same taxpayers 
pay us to do the same things. And I realize everyone has primary 
responsibilities and I do not mean to take away from that, but to 
the extent possible, I just want to say I applaud the idea of person- 
nel from the national labs going into the school system, of person- 
nel from the school system, the educators, being admitted to the 
national labs, and anything in which we share this knowledge and 
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this talent pool that has been built up through the contributions of 
the very same taxpayers. , „ 

I would like to thank you gentlemen very much for answering 
my questions. Thank you, Madam Chair. 

Ms. Lloyd. Thank you very much, Mr. Schiff. And our panelists, 
we appreciate your input and we will be submitting questions m 
writing that we did not have time to ask you. We would like you to 
respond and that will be included in the record. Thank you very 

We are going to have panel two before we break for lunch and 
then after lunch we will resume our hearings with panels three, 
four and five. Our next panel includes Ms. Marjorie Bardeen, Pro- 
gram Director, Friends of Fermilab; Dr. Jon Veigel, President of 
Oak Ridge Associated Universities; Dr. Lee Riedinger, Director of 
the University of Tennessee Science Alliance. Our next panelists 
are friends of the Subcommittee and we appreciate your great help 
today as well. , 

If you would try to hold your oral testimony to around ten min- 
utes and your entire statement will be made, without objection, in 
its entirety part of the record. 

Please proceed, Ms. Bardeen. 

Panel 2 

STATEMENTS OF MARJORIE G. BARDEEN, PROGRAM DIRECTOR, 
FRIENDS OF FERMILAB: DR JON M. VEIGEL, PRESIDENT. OAK 
RIDGE ASSOCIATED UNIVERSITIES; AND DR LEE L. RIE- 
DINGER DIRECTOR THE SCIENCE ALLIANCE 
Ms. Bardeen. Chairman Lloyd and Mr. SchifT, thank you very 
much for having us come all the way from Illinois to share some of 
our experiences with you in science education. 

I think you have heard an awful lot about what is going on at 
laboratories in a general way, so what I would like to do is focus on 
two programs that we have at the Laboratory and look at how we 
designed those programs, how we determined the audience and the 
goals of the programs and then also look at how we measure their 
effectiveness. 

The Summer Institute for Science and Mathematics Teachers is 
a high school program for 60 teachers who spend four weeks at the 
Laboratory in the summer. They spend half of their time with re- 
search scientists in seminars and they spend half of their time in 
the high school laboratory setting with master teachers. There are 
four follow-up sessions and the teachers receive both a stipend and 
graduate credit for their work. 

Before we began this program, we sought the advice of teachers, 
university professors and businessmen. When we spoke with them 
about what role the laboratory could play in our area in science 
education, they recommended that we focus on average teachers. 
They felt this was an area where we could reach a wide range of 
students and at the same time make a significant change in the 
quality of the education that those students received. Then they 
recommended for us some goals for our particular summer pro- 
gram. 
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First of all, they thought we should target lively and successful 
teaching strategies for existing materials. By that, they meant 
looking at computer applications, at laboratory and hands-on dem- 
onstrations ana at problem solving. They wanted us to enhance the 
teachers* background in their basic subject area, but at the same 
tune expose them to new ideas in scientific research. And finally, 
they wanted us to show the connection between science, society 
and technology. So so that teachers who come to Fermilab to spend 
four weeks in the summer are able to take a story like cold fusion, 
bring it into their classroom. They are not intimidated, they are 
very comfortable with letting this story unfold, not so much from 
the point of view of telling the students of the technical details of 
cold fusion, but in exposing it as a story of how science is done. 
They can certainly have learned a lot of things about validation of 
scientific experiments, about publication, et cetera, that help them 
understand how science is really done as opposed to perhaps how 
science is often taught in the high school classroom. 

Well, how do we do with a program like this, what is our success 
rate. We actually have four ways of measuring the success of the 
programs, and in fact at the end of each year we publish a report. 
First of all, of course we ask the individuals how they felt the four 
week program went. We give them an opportunity to evaluate our 
effectiveness in achieving the goals and also comment on various 
staff members. We follow up a year later by asking them what 
they were able to use in their classroom from the program. Did in 
fact the materials that we present to them work with students in 
the high school classroom setting. And finally, we do talk to the 
participants three or four years later to find out if, as a result of 
our program, they have been sharing materials with other teach- 
ers, have they gotten involved in professional organizations, are 
they doing in-service programs in their area so that in fact the 
impact of the program is broad and not just limited to 60 partici- 
pants. 

Although we do not formally solicit input from department 
chairmen and principals and superintendents, we get a lot of anec- 
dotal information back from them. This information on the 
Summer Institute indicates to us that it is a smashing success, and 
in fact one of the reasons it is a success is because it is not business 
as usual. When teachers come to Fermilab, they come to a world 
class research institution and they have an opportunity to meet sci- 
entists like Leon Lederman and they have a chance to go home and 
tell their students what a wonderful opportunity they had in the 
real world of science. So that is one program that we have been 
running now for seven years. It is now funded by the National Sci- 
ence Foundation. We have one more year left in the grant We are 
not sure where funding will come after that, but the interest in the 
area is strong enough bo that we hope to maintain that program. 

Congressman Lloyd referred to Saturday Morning Physics, so 
perhaps I will not discuss that program, but talk to you briefly 
about a junior high school program that we have started. Again, 
when we wanted to look at junior high school education, we 
brought in teachers and university professors to ask them what 
advice they might give us. In this case, their advice was the follow- 
ing: Junior high school teachers do not look at Fermilab as a re- 
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source to them. They do not understand what happens here and 
they would not normally choose to come here. We think you should 
start with a program that will bring students and teachers here in 
a rather informal setting and then from that, you can build a 
stronger program for working with teachers. 

We got together with some junior high school teachers and de- 
signed a program which is called Beauty and Charm at Fermilab. 
Beauty and Charm are names of two quarks, it does not refer to 
the quality of the staff members. That program is a curriculum 
unit that was designed by junior high school teachers with assist- 
ance from Fermilan scientists. It includes all the materials that a 
teacher needs to teach a unit in the classroom, and we also run 
workshops for the teachers to enable them to teach these materi- 
als. Finally, the students who study this program are invited to 
visit the laboratory, which is not ordinarily a possibility for junior 
high school teachers. 

We have been doing this program for four years now. We nave 
had as many as 4,000 junior high school students who have come 
through the laboratory. Of course they all come on field trips with 
their parents, so in the meantime we have had a lot of parents who 
have come and now we are seen as a reso vce for tliis particular 
area. 

The goals of this program that were recommended to us were in 
some sense negative goals; do not teach how many leptons there 
are and how many quarks there are, and give us the names and all 
the numbers that go with particle physics that you do. However, do 
show us science in action, do show us science process, help the stu- 
dents develop an awareness and understanding and appreciation of 
science, talk about science careers and opportunities for students. 
You have people in the laboratory at all levels of skill and educa- 
tion. Let the students know that there is a place for them in the 
world of science. So this is the type of program that we designed. 

Again, how effective have we been? We do many of the same 
things in this program that we do in our other program; however, 
here one of the sources of information that is most interesting to us 
are the parents of students. And we get as much information at the 
soccer field from the parents who say "Boy, my kid went to Fermi- 
lab yesterday, it was a wonderful opportunity. **e came home 
and—how can we come out to the lab, l would like to know more 
about this. Can we come on Sunday." So we get a lot of feedback 
from the community that indicates we are exciting families about 
science, not just students. 

We would like to be able to do more in the area of junior high 
school science. We would like to be able to do more in the area of 
elementary school science. In particular we would like to develop 
some programs similar to the Oak Ridge Ecological and Physical 
Science Study Program where students can come and spend a half 
a day working with hands-on science where their teachers and stu- 
dents can learn together from other teachers. The Laboratory has 
committed the funds to build a facility which will enable us to 
bring students, younger students, to the Laboratory, and my job in 
some sense is to provide the programs that go with that. 

We feel it is very important in our area to be seen as a regional 
resource. We have been working with teachers since day one. We 
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continue to do that, and in fact* the center that we are building, 
the teachers see as their own and they talk to us about "well when 
we do this, would you please have a computer hot line, would you 
please be sure that it is open in the evening", so we feel very 
strongly that the relationship that we are developing is a collabora- 
tive one in which we open the doors and allow the educators to 
come into the Laboratory. 

And I think you realize that this is all done because in some 
sense we have a very supportive Laboratory Director, who has 
really been a pioneer in the area of science education. And I 
cannot tell you what a pleasure it has been for us to work with 
him. And we are figuring out how after July 1 he is still going to 
be there giving us advice and sort of guiding us down the right 
path. 

Mr. Schiff. I do not mean to interrupt you, Ms. Bardeen, but Dr. 
Letterman— Chairperson Lloyd and I visited Fermilab and Dr. Let- 
terman said he was going to teach a course at the University of 
Chicago called Physics for Poets. I thought that sort of summed up 
everything at one time very eloquently* 

Ms. Bardeen, Yes, he did. In fact, he has always enjoyed teach- 
ing the courses for the non-science students. And I think in fact 
that is something that has translated into our programs, because 
again, we appeal to the average teacher and the average teacher 
teaches a wide range of student ability. So we are not just looking 
at someone who is going to be a scientist, but we are looking at, in 
general, the student population. 

So thank you very much and I will be happy to answer questions 
you may have later. 

[The prepared statement of Ms. Bardeen follows:] 
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Testimony of Marjcrie O.Bardccn 
Pmgmi Whwuny Fsaaafla of ftnaalab 
Fermi National Accckraoi Libgnirory 

Subcommittee oo Energy RbkscSi nd Development 

15-MAY-89 

IKTRODOTTIQW 

Science and mathematics literacy: national studies delineate the problem* and propose 
solutions for auricular and mstructiooaj reform, But, H&n is going to bring about change? We 
cannot ejq^ the idioo^ Many outside partners can 

and must contribute. We can double and triple our efforts by creating innovative partnerships 
between the education community and national laboratories, museums, and businesses, between 
formal and informal science programs. 

As part of hi bask commi tme n t to science, Fermi National Acceicmor Ubora^ (Fermilab) 
began offering educational tours for high school indents and teacbers in 1972. When Leon R 
i j*wm»n hM^tmg I ^hftntimy Director in 1979, educatiooaJ of^cstuaitks at the precoflcge level 
were expanded in response to the need hi our area to revitalize the skills of current science 
(rafters, to maintain interest in the teaching of science as a career, and to encourage young people 
to pursue careers in science and engineering. In 1983 Friends of Fermilab (FFIA.) a not-for- 
profit corporation, was established to facilitate the formation of partnerships among Fermilab, 
school districts, and public and private fundmg agencies* 

To fulfill its mission to enhance the quality of precoUege science educatio n and to promote a 
broader public awareness and unckntanolng science Priends of Fermilab has raised close to $2 
million from public and private sources. The corpoir is governed by a 24 member Board of 
Directors composed of Fenmlab staff members, civ*., business, and education leaders. The 
Director of Fermilab is a niembeT of the Board An executive staff of three manages the offke. 
Friends of Fermilab began wto partidpants a* a cost of $75,000. This year 

we are sponsoring 16 programs that directly reach as many as 1O000 people. Up to 60 teachers 
staff the programs. The FY *89 budget, including operating funds and dedicated program funds, is 
$450,Oufr. 

In onto to increase the Laboratory's participation in precoUege education Fermilab plans to 
open a Science Edition Center in FY *9 1 . This facility will be dedicated to formal and informal 
science education programs. The Center will include a teacher resource center, space for large 
imeracti ve science displays, classrooms and offices. Key programs will include; 

• Teacher Training - Training teachers to use laboratories and deurostr ali ens effectively with 
students will help provide lively and exciting science programs. 

• Out-of-school Progi. t Students and Patents - Informal science programs will support 
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and reinforce formal classroom instroctioa 

• Hindt-oc-Sdeacc - Direct personal cxp&taicc with the pheaomcm and principles of science 
and technology provifc a depth of insi^ 

active smscasJotL 

• Aduli Effejcacoc - All citizens, not only snaients but also parents, teachers and other adults, 
should experience die joy of exploration and di scovery and team about the science flan impacts 
societal issues, 

in FY 1*9 15 programs far high school students anchor teachers and eight programs for K-8 
students andfor teacher are being conducted at Fermilab. Mm are sponsored by Friends of 
Fermilab, Today, I will describe Friends of Fennilab program development, management and 
funding, provide an overview of the programs , and discuss their impact Finally, I will focus on 
additional needs. 



Friends of Fermilab has developed a successful format for program development and 
iinpJemcotatkm thai allows schools to tap the resources of a national research facility . The formal 
includes two key components; conducting a needs assessment ami establishing a program 
committee. Program development is guided by recommendations from an appropriate needs 
assessor" as conducted with educators, co m m un ity leaders, Fermilab scientists and representat ives 
of Friend of Fermilab. A typical needs assessment workshop includes 20*2$ participants, is held 
on a Saturday, lasts four to six hours, and covers a major program type or a new age group. It is 
important for Fennilab toliflBUQ we education needs a» perceived by the people who teach roe 
students and employ the graduates. National laboratory staff are not c; cessarily experts in 
precoBege education. However, when they understand what the local priorities for improving 
rciencc and mathematics education are, they can assess the laboratory r eso urces and determine 
ways to work in partnership with educators to promote c h a n ge. 

After the needs assessment is a completed, a program committee, composed of two to four 
local educators (tuasfer teachers, department chairmen or instmctioaal administrators) and a 
Fermi] &b scientist, evaluates the results of the needs assessment and makes program 
rccommcnditMsna to the fWcodicf fermilab Program Director* Based or. those recommendations 
Friends c£ Fennilab executive staff prepares funding proposals, subject to approval by the Board 
of Directrxr, and seeks funds from private and public sources* 

With me advice ot the prog- am committee, the ftogram Director hires the sftfT. The staff is 
responsible for such tasks as program announcement, staff selection, curriculum development, 
participant selection, follow-up activities, evaluation, program reports, and dissemination. 



PROGRAM PEVELQFMEN T AND MANAGEMENT 




252 



3 

Strength* of our ^n>s^dtnfdkjpamtDOdel^ch^ 

• developing ownership d me pro gra m among teachers by involving them from the 
beginning, 

• givtegfeadmlettknfaipiita 

• utiliiing expertise from rams* groups - teachers, science education specialists, scientists 
, niith minimum iittoCeigam with their regular rob. 

• integrating laboratory education jaugianu with cxisitmg local inservice program, 

EKQQKAMJEUHDgifl 
Current precollege education program! sponsored by Friends of Fenniltb are funded by the 
U.S. Department of Energy Office of Energy Research, the National Science Foundation, 
Universities Research Association and various private foundations and individuals. In addition, 
state of Illinois ansa education centra ami school districts provide support for teachers who 
participate la ioservice pfogiams. 




3*1% 
71% 



Figure 1 shows the sources of foods 1983-1988. 



PBnngAMOVFRVTEW 
The Friffwh of FfrmiJ sfr f«y""« a** toped within a framework that takes into 

account the rmssioa of Fermilab, the appropriate use of its facilities and the talents and imere sts of 
its personnel Programs for higher grade levels are inaugurated tint At a given level programs 
begin by bringing students sad their paresis or teachers to Fenmlab in order to establish an 
awaiejBfSOftheUb<*aSQfyatf Programs for teachers follow 

Thus, it is seen that the high ichool programs have developed maturity and form a comprehensive 
program for students and teachers alike. Programs at the junior high and elementary levels arc in 
the early stages of development 
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PROGRAMS FOR mOH SCHOOL TEACHERS ANT) STUDENTS 

StmmTrr Ingram- for Sriwwe and Mad>ena<«-< Tfcacter. MQfftt 

Objective: TV) ^f^Hp'^cr science sod "^H^r^iPTirfl tpffirMng to the high school c toswoo flX 

Format: 45 selected high school science teachers in biology, chemistry and physics and 15 high 
school mathematics teachers stFrml an intensive four-week mstfeute at Fermilab. Lecture sessions 
to die discirffacs w 
phyticimaadcoltegefi^iy. ^ Ttaadsjyandln^^ 

nirifMialiy-known experts lecturing oo totenBscjpBBwy wirmr to p i cs . Id the srfbsrnooQ, computer 
ins tr uc tion* lab sessions and mathematics sessions with master teachers are held as a local high 
school Four "follow-up* sessions air held in each discipline during the academic year following 
the Insrinflr Teachers receive a stipend far their pa rticip a tio n and cam graduate credit from an area 
university. 

Qemistrv West and Phviics West f 19841 

Objective: To provide oppomsiities for Sunurjer Instruct "graduates" and other science teachers so 
continue sharing sucor^sful Beaching materials and strategies. 

Format: FFLA sponsors Physics West and Chemistry West, network organisations for area 
teachers. Each group meets monthly in a local school or college in onto to share skills, teaching 
strategies and materials for the high school science classroom. 550 teachers arc on the mailing lists. 

Objective: To introduce modern physics topics in high school courses. 

Format: This program is designed to update high school physics courses in Northeastern Illinois 
by augmentin g the c urriculum and improving instruction. In 1987 a poirpof^^ school physks 
teache rs and Fenmlab physicists developed a tmrhcvr resource book on mo dem phyvics topics. 
Using the "Wfifr* as a text, the group trained a cache of 20 mast er teachers as inservice leaders in 
the summer of 1988. The throe-week workshop curriculum included background lectures on 
modern physics, training sessions on sound science instruction and inservice techniques, and 
laboratory sessions where participants fried out classroom materials. During the workshop the 
participants developed a cccrmrcrcnsjve physics inservice plan which is being rmpletnented in 
existing inservice programs of Tbcal districts and Snue of Illinois Educational Service Centers. A 
follow-up program conducted through estaWifhed physics teacher networks will support the efforts 
of teachers to update their classes. Teachers receive a stipend for their participation and earn 
graduate credit from an area umversiiy. 

Phvtk* MinlQatirttti (jOTTi 

Objective: To share materials and strategies tor teaching panicle physics and cosmology at the high 
school and college introductory level 

Format MM-cotnses consist of lecture* by Fermilab physicists or physicists affiliated with 
Ferrmls^andderjKmsrrm^ inine 
Surnoser Institute for S*c i f *Tf^ Teachers. Teams are available upon roooest to make presentations 
across the country. Pr essmari ons have been given in Illinois, Florida, Montan a and Mexico City 
and are scheduled to Wisconsin and Texas, 
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ira iwhg aMttBdi AamctoM Eapn < 1SS33 

Objective: Tbfgoogniaesiafgriox&d^ 
laeacfacqtiqwiemiwi proo e to e t . 

Format: Fermilab too a unmner researrh program for high school teacher*, ranrtrriatrs for the 
national program an nominated by to m Deoaitrnents of Education. Candidates for the 
ire nosninascd by their school districts. Employment selection is made by 
laborssory supervisors. Teachers trc assigned to a scientist or engineer involved in a research 
project at cme of the paitiripating institutions, gad make contact with many professional 
researchers. Teachers Scans to acquire data end report results in a scientifically ac cep ta bl e m a nner * 
skins directly transferable to the classroom Otber DOE national labo r ato r ies partic^ate la the 
national program Eight co r pora te research lab orato ri es in the Illinois ffigh Tech Corridor also 
participate with Fermflab in the regional program in operation since 1983, Over 80 teachers have 
pa fl a^ps* sdiBthcP3PgiTOsh«iis 

Smate p*^^ a Eemfflamsafl) 

Objective: To introduce selected high school students to topics in modem physics. 

Format: Three times each year, a series of ten lectures is conducted at Fermilab. One hundred 
students rroro area high schools are selected by their schools to participate hi each series. Lectures 
on topics such as "Accelerators and Detectors", "Special Theory or Relativity", "Lepsras and 
Hadrons" and "Cosmakm" are delivered by Fermilab staff experimental and theoretical physicists. 
The program also includes lab tours, demonstrations of equipment and instruments, and tutoria* 
sessions led by physicists to discuss in depth the material presented in the lectures. Saturday 
Morning Physics has "grathiated" over MOO studema. 

T«cf»t; ^ »nd Enffinaering HOSTO 

Objective: Toccndort an appmiu ce research high school students. 

Format: Students are nominated by their schools ami selected by a co mmitte e composed of 
Fenmlab Equal Opportunity Office persoai U Fermilab scientists and area educators. The 25 
selected students, the majority from Chicago schools, spend six weeks in the program. In the 
mornings they work side-by-side with a scientific, eagmeering or technical meaw at Fermilab. In 
the afternoons the studenti attend classes and receive assistance in the preparation of an individual 
or groap research project, which is yBeraUy based on some aspect of the morning work. The 
students receive a combination of a awry and a stipend for their participation in the program 125 
students have p ar ticip at ed in the program since its toceptioo. Most have gone on to college, many 
to major in science or engineering. 

HOE High School HflBcq Reseaich Program in Particle Phvsics 09371 

Objective: To expose gifted high school students to die research done at a world class particle 
physic? laboratory . 

Format: Fermilab hosts a research urogram for gifted high school students^ Partic ipants in this 
program join groups ofpbyikJsis ana graduate students doing frontier research in the properties of 
elementary particle*. The program includes lectures by FemtiUb staff physicists, lab tours, and 
tutorial sessions, as well as on the job experiences. Students spend two weeks working and 
studying at Fermilab. They are supervised by master high school physics teachers and live at sd 
area university. Students in this program come from the fifty states, the District of Columbia, 
Puerto Rico and six foreign countries. Six other DOE national labora tori es participate in this 
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piugiim. 

FROGRAMS BOB H BVIBNTARY AND HQflQB HfflH SCHOOLS 

Objective: To introrince junky high and mffilr scbcol itudents to particle physics 

Format: A particle physics curriculum for the junior high classroom ba* been developed Teachers 
ajjwdwoiWiow to become fam^ 

ex p e rim e nts which portray concepts such as "How Small is Smtll" Kid "How to Measure What 
Wc Cannot Sec" The teachers can purchase a "kit unit" Including all materials for the classroom 
experiments, a manual outlining the day-by-day conduct of die curriculum and audio- visual 
materials to supple /nem (he curriculum. After coniptetioq of the classroom unit the teachers nay 
accompany their students on a visit to Fcrmilab to sour working anas and visit with a Fennilab 
physicist Over 70 teasers have been trained in the program and sane 800 students visit the 
L ab or at or y cadi year. 

ggalHMOdJflig^ 

Objective: To reward outstantog ficnirmiTy 
continue their mtescst in s cicooc. 

Format: FFLA sponsors a science show for area ekmestary schools during National Science and 
Technology Week. Schools participate by extend ing an invitati on to two outstano^g science 
imrirnti in grades three through six. Tbey sod tireir parents come to a Saturday morning piogjam 
where high school science teacher* entertain the guests wids the wonder and magic of science. 
Students receive a dctxxx»tretion kit based on one of die show's activities which they can share 
with their classmates. The program ends with refreshment* The program has grown to include 
two stows with a condrined 

PROGRAMS FDR STUDENTS C& ALL AGES AND THEIR TEACHERS 

rrr l,,M ^ MQjm 

Objective: To dertMnstraa the change in 

temper a tur es and $o d smori a tr ata uiopwtiesot electricity.. 

Format: These progr ams are designed to mm on teachers and students to science, Fennilab 
eaginembavcooveiope^ 

teachers and students of all ages. Presentations are given at schools, for youth groups and in 
conjunction with other science activines upon request. 

Objective: To promote the use of deroonstratioos in chemistry classrooms as an effective teaching 
method and ruotivatiooal tool for students. 

Format: "Weird Science," a program to mm on teachers and tfudenc to science, U an outreach 
program of FFLA. Four Summer Institute dumistry instructors have developed a repertoire of 
science dci uu u tr a tiooa. Presentations are given at various local, state, regional and national 
conferences. These rxesentations model effective teaching methods and provide teachers with 
successful i*1 es aroofl \ ti cm QpstratiQoSi 
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Objective: To give students direct experience with the phenomena and principles of science and 



Romas: A travelling collection of interactive science activists with accompanying teaching 
materials is available on loan to area schools. Teachers arc able to provide for their students a 
depth of in s ight and involvement with science thai cannot be matched in most regular classroom 



MATERIALS PROGRAMS 

Purpote: To provide damwm maserigls that enhance science instruction 

Format: A variety of classroom materials have been developed in adjunction * th FFLA 
education programs, lues* are msj& available fra Included axe 

Be**iv,' *na Quotd curriculum materials, Topics in Modern Fnysics vaJ e uuu je * whkh contain some 
of the Saturday Moving Physics lectures, Topics in Modern Physics Resource Book and posters. 

Resource* for the Science rWmnwi n<MA\ 

Objective: Tofamuiarire K-12 tr cben with the resources available to thexn in Nonheni Illinois, 

Format: FFLA has produced Resources for the Science Qassroom, a manual listing over one 
bandied fifty oppormnM ^^rteacheri to enhance the teaching ct* science A data base which 
* includes federal, state, Seal, -rajt-fbr-profit and corpormte pi o giams , tours, materials and 
"g i ve aw a ys " has been created, m listings are printed into a hcia^ 

are available to sdnjDte at nodssrge . A second ednloft was published in 1987, and the resources 
entered imo a new data base to ixanilt selective listings to be ut ep ued upon r equ e s t . 



Friends of Fenmlab attempts to ascertain the long-rangi; impact of the major education 
programs by surveying the paruripantai In general, we can say mat the programs have made a 
significant difference in the participants 1 lives. Use following quotes illustrate the type of response 
we get A teacher in the Summer Institute says* "Excitement has been infused into fifteen 
classrooms and into hundreds of young people studying physics for the foil time. These students 
are getting an exceptional edu cat io n, after all, they would tell you../My teacher spent the summer 
atFermilabr A student who attended Saturday Morning Physics remanu, The lectures sja&£ 
made me decide to go into physics. The lectures gave me a much better perspective of what 
physics is all about man one could ever get £rmo a high school physics class, * 

The success of the Friends of Fenmlab model is denxststnted by the rapid growth of our 
programs, the interest in and iayjflyjnaBn of local teachers in opt urograms and by the impact 
these prognuns have had on area seu^ 

change, extending the impact of Fenmlab programs n> inclode that of many others organized by 
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fbnner participants and staff members. Teachers withi new enthnsiaim for teaching also have a 
ns*wedtantstifl sharing wall cjoeanote 

AODDXUALHEBEtt 

23 DOE laboratories sponsor ptocoBcge education pnynni. Included tie the two national 
program, the DOB ffigh School Honors Research Program and the DOS Teacher Research 
AssociJttes Program, as well is many local initiatives such is those sponsored at Fennilab. 
Hcjwcvw, we have only begun to tap the n^ 

InJuJy 198San3x«{DOE/S4»W)0ftoEne^ 
D euan m cm of Baggy on Science and Bngnoeruig B Q to tB m The panel recommended tiuu die 
D epeHDem tese Us precoUege programs on guidelines which ensure thai program reach the 
largest oumbcr of students and are most effective hi letaintog then in science and mathematics. 
Among Am guidelines were: 

• t3 oaBBamt m6ekkfb^fnffm§OiWKam Emphasire prognwu that 1) he^ teachers 
enhance their science skills and understanding; 2) provide teachers (aad students with htnds- 
oq activities; and 3) encourage undri standing of the relationships between adence, technology 
and society. 

• Scmprpgranashookl give sped^ 
elementary and mkkflesdwed level 

• Develop and support vigorous p rog rams © stimulate and nurture the interests of young women 
raJuDdencpresci^ minors 

In adiblofl to resonws needed fix cun^ wnimdsnpncrtforelemaaary 
and middle school programs, especially for programs targeted at young women and minority 
students. We need resources that permit iiidrWdual laboratories to work with school systems in 
response to local and regional needs. 

mi At REMARKS 

When Friends of FermiUb begin in 19S3, h was not it all clear that l research fscility was an 
appropriare setting tamajw Tteachen and students have given us the 

answer, "YcsT PrecoUege education programs work at Fcrmilab because it is na business as 
BsssaL Teachers come so a world class high energy physics research laboratory fox a unique 
opportunity » witness science conducted at the frontiers of human understanding. Teachers gain 
fovafoablecxperienrc 

1 aureate, Law Lcderman. Students have en experiw in ac^^ 

anftudes and develops their appreciation for science Students sec, perhaps for the first time, whst 
the wedd of science is really tike, and they like what they see! 
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Ma Lloyd. Thank you wry much* Dr. Veigel. 

STATEMENT OF DR. JON M. VEIGEL 

Dr. Veigel. Yes, ma'am, Thank you very much* 

Oak Ridge Associated Universities is not only a consortium of 49 
universities, it is also the Department of Energy's first or second 
oldest national laboratory. Since 1946, we have been responsible for 
all of DOE's fellowship programs, and given this experience we rec- 
ognize full well that the country is not interested in the subject of 
science education for esthetic reasons. The interest is motivated by 
the need for action. At a minimum, we need to move and do more 
with respect to science education in order that we at least tread 
water with respect to the competitiveness and productivity situa- 
tion we find ourselves in now. And we need to do even more if we 
expect to regain the competitive edge that we have formerly en- 
joyed. 

Now in 1957 and again in 1965, the Nation experienced a change 
in national attitudes about science education. 1 suspect we are at a 
comparable point in 1989. Instead of being driven by the Sputniks 
and by great society, it is this issue of international competition. 
And I personally believe that the rapid transformation we are 
seeing in the way private sector R&D is done in this country will 
also impact the way science education is handled. 

What we really need to pay attention to is the quantity and qual- 
ity of scientists that we deliver to the point of need. Now one con- 
venient measure of this is the number of science students that we 
have, but it is by no means the single brat measure, nor the only 
measure. 

Considered from this context, it is easy to be pious about science 
education. It is lew easy to see what we can do that will produce 
cost-effective results. I have five questions that I believe define the 
problem. 

1. How do we keep students from making academic decisions 
today that will foreclose their making science career choices tomor- 
row? 

2. How do we get commitments to science and engineering ca- 
reers? 

3. How do we maximize the retention of science grads in jobs 
that need their science or engineering backgrounds over the course 
of a career? The public has made a tremendous investment in these 
people and if they are lost to selling real estate, we all are suffer- 
ing for that. 

4. How can we retrain the now technically obsolescent so that 
they can make contributions? 

5. How can the Federal Government develop programs of action 
that are balanced among K through 12, undergraduate, graduate 
and in-career training; and be effectively coordinated across all 
agencies and industries dependent on a trained scientific cadre to 
meet their mission requirements; and finally, focused on highly le- 
veraged intervention points that can provide examples of success 
for replication among our states? 

Now I think there are some examples that I would like to cite of 
potential leverage points here. Number one, something like 40 per- 
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cent of all black students in this country are produced by 60 school 
districts in this country, out of a total of 16,000 school districts, 
Does that offer us opportunities in what we see coming along for 
the ftiture? There is a selection of about 40 liberal arts colleges in 
this country that produce a disproportionate share of the graduate 
students in science engineering- What are they doing right, how 
can we help them to do it tetter and how can we replicate that ex- 
perience in other colleges? 

1 had personal experience over the last few years in North Caro- 
lina at a very prosaic level with respect to education. I think, 
Madam Chair, it goes to your point about reaching the more aver- 
age students. The most complex piece of technology that is still as- 
sembled on site for your individual home is your air conditioner, 
your heating and ventilating and air conditioning piece of equip- 
ment And that is generally assembled on site and proved out by 
homebody who is very ill trained to know whether it is energy effi- 
cient or not. And if it is energy efficient, you can save 20 percent 
on your annual bill. We ran a program for a number of years train- 
ing technicians in community colleges how to make air condition- 
ers energy efficient, and you cannot imagine a more prosaic bread 
and butter kind of issue and you cannot imagine an issue that has 
more direct impact on most people in this country than how much 
their air conditioner costs them, and this is science education, this 
is energy education at its most fundamental level. 

Now the late, as we have heard today, are certainly the core, 
they are the anchor, they are the foundation of our ability to do 
much of the work we are talking about. In my personal belief, 
though they be necessary, they are by no means sufficient. We 
need to take advantage and pay attention to the kind of integrat- 
ing experiences that will allow us to have these leveraged kinds of 
impacts. 

Oak Ridge Associated Universities has been involved in a 
number of these programs over the years. In most of them, the 
number of students that we have applying in ratio to the number 
of positions available, ranges from two to eight people, eight times 
as many people applying as we can accommodate. We work in pro- 
grams like the challenge programs for minorities where we identify 
them at the junior college level and work with them, get our 
member universities to agree to commit at the junior high school 
level, that they will support these people through their graduate 
degrees, Now at the junior high level, that is a commitment I sus- 
pect that is hard for most kids to appreciate. I suspect also that the 
parents can appreciate that. 

We do similar integrated kinds of programs with hi$h school 
teachers. But I want to recommend for your consideration today 
five possibilities that 1 do not think you have heard yet this morn- 
ing. 

I think we are in a position today where we are — it is a good op- 
portunity for us to establish a natir--] coalition for science and en- 
gineering education and the Amenvun economy, where I believe 
the national laboratories, American higher education and Ameri- 
can industry, which has a particular need for the scientists and en- 
gineers to carry out their work, the energy intensive industries es- 
pecially can get together and do a coordinated comprehensive ap- 
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proach to science education. We are all in this together and it is a 
terrible misuse of our resources not to look at the coordinated kind 
of possibilities. 

Secondly, I believe a national center for energy education is ap- 
propriate now, where the kind of p l an n ing and comprehensive ap- 
proach to these things on a national level will get us past the point 
where we have a menu of projects that represent a why-not list of 
projects. They are all good, I do not deny that. I would like to see 
some consideration given to their overall balance in whether we 
are accomplishing our needs. 

I would propose an establishment of a center for instructional 
technology research and development. ORAU is doing a lot of work 
with the Department of Defense on things like interactive video 
discs and so forth. Very little of those technologies and that kind of 
software is being applied to the issue of science education and I 
think that is technology transfer at its most fundamental and its 
most basic, and I think there is a lot of work that can be done 
there. 

We are running and have run for a number of years and propose 
expanding that an education and labor market analysis program 
where we look, on behalf of the Department of Energy, at what the 
needs for trained scientists and engineers is going to be over the 
coming decades. And I think that provides the underpinning of 
many of the statistics that all of us are depending on. 

And finally, we believe, as is happening at other laboratories, 
that establishment in Oak Ridge of a science and engineering edu- 
cation center is timely and appropriate. On an average, we have 
got something like 300 students per night in Oak Ridge, and there 
is no place on the local economy for them to stay. As a way to fi- 
nance this, we are exploring the possibility of a joint venture be- 
tween Oak Ridge Associated Universities and a local hotel in Oak 
Ridge where those two groups, ORAU and the hotel, would finance 
the residential and eating facility part of it and the Department of 
Energy's guarantee would be in terms of covering so many bed 
nights per year on an annual basis. We estimate that the number 
of bed nights are in the lange of 20,000 te 30,000 bed nights per 
year of people at all levels from undergraduate students to post- 
docs who could occupy these facilities, and I think do it in a cost 
effective kind of a way. 

I believe that we are at a cusp in our ability to do things here 
and it is time for us to move out in the kind of surge for science 
education that I think is not only appropriate but needed in the 
point we find ourselves in today. 

Thank you, Madam. 

[The prepared statement of Dr. Veigel follows ] 
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In the 1980s, American citizen* have been shaken by a series of serious warnings thai we 
are no longer |hfi moat productive nation, acknowledged leader in technological 
innovation* ihfi leading-edge competitor, or even Shfi moat scientifically literate nation. At 
the epicenter of these warnings is the issue of education and career preparation in the fields 
of science, mathematics, a**d engineering. Our national agenda tor the next decade must 
address the quality of education, the potential shortfall of scientists aid engineer*, and the 
general lack of understanding cf science* 

In 1957, ami again in 1965, the nation experienced a change in national attitudes about 
and programs for, science education We may be at a comparable point in 1989, driven 
now by competitiveness, not by the Sputniks and Great Society of those yean. An 
accelerated evolution of education for science today will parallel the rapid transformation 
of private sector R&D now underway. 

It is easy to be pious about science education; it's less easy to see what to do that will 
produce cost -effective results. I have five questions that define the problem; 

1) How do we keep students from academic decisions that foreclose later career 
options? 

2) How do we get commitments to science and engineering careers? 

3) How do we maximize retention in jobs that are based on science or engineering over 
the course of a career? 



4) How can we retrain the now technically obsolescent so they can make contributions? 
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5) How cmn the f ederal government develop programs erf action that are: 

• balanced among K-12, undergraduate, graduate, and iivcareer framing; 

• effectively coordinated across all agencies and industries dependent on a 
trained scientific cadre to meet their mission requirements; and 

• focused on highly leveraged iirtervention points that can provide examples of 
success for replication among the states? 

I believe that ORAU has developed an innovative approach that will address these 
questions. Our plan revolves around the following initiatives: 

• National Coalition for Science and Engineering Education and the American 
Economy 

National Center for Energy Education 

Center for Instructional Technology Research and Development 
Oak Ridge Science and Engineering Education Center 

To give you the seme of ORAU** expe rie nce to comment on these issues, I'd like to review 
our programs, then detail the initiatives we believe would address the problem we're here 
to discuss. 




As a program-dedicated national Uboratory in the DOE system, ORAU has had education 
as a primary focus from just after World War D. Since its formation by the Atomic Energy 
Commission' in 1946, ORAU has educated and teamed sejewtfsts and engineers through 
collaborative research participation aj mo htfrn e n t s at federal laboratories, fellowships, 
training programs, and a host of related activities. As a not-for-profit consortium of 49 
colleges and universities and a management end operating contractor for Urn Deportment 
of Energy (DOf^ ORAU develop* and a 

education and training opportunities for precofiege students and teachers, undergraduate 
and graduate students, university faculty, and postgraduate* F ecognmng the changing 
demographic patterns, we recruit applications for all ORAU programs from 
underreyreaentod ethnic minorities and from women, and we have several programs 
targeted specifically for Historically Black Colleges and Universities (HBCUs) and for 
minorities nnd women. 

2 
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and engineering education at all levels will benefit from the best equipment, educational 
software, and curriculum material*. Products of the Corner will be developed to meet 
unique needs and/or will be based on existing systems applied to science education. A 
collateral benefit win be applications of the same technologies for use by DOE to service 
its own training needs, 



The Oak Ridge Scfcnce and Engineering Educa t i on Outer will serve as the focal point for 
science and e ng i n eering education and research participation activities in Oak Ridge. The 
Center wiH support a wide range of programs sponsored by government agencies and 
academic institutions and will serve as a model for replication at other laboratory sites 
where increased interaction «*ith the academic community is desired The individuals who 
come to Oak Ridge *o participate in ongoing research and education programs and 
activities d esc rib ed earlier are, with few exceptions, responsible for their own housing. 
Short-term guests generally stay in hotels; long-term guests rent apartments or houses. 
Unfortunately, these individual arrangements make it difficult for participants to interact 
with one another. To maximize the effectiveness of science and engineering education 
programs. Oak Ridge needs a center that will bring participants together, stimulate 
communication, and encourage collaboration. Only in this way can the potential value of 
these complementary programs be fully realized. 

The multipurpose facility will serve as the center for program activities and will provide 
housing for program participants. In addition to housing accommodations, the Center will 
provide lecture rooms, a computer laboratory, an Energy Experiments laboratory for 
precoUege training sessions, recreation/lounge area, and study areas* Ongoing programs 
such as the DOE Lab Co-op program, the Science and Engineering Research Semester, 
ORNL User Groups, and ORAU short courses will make use of the Center facilities. 
Certain activities of local higher education institutions, such as Roane State Community 
College and the University of Tennessee, are also expected to use the CenUr. A graduate 
education center relying on the combined resources of ORAU member institutions and the 
Oak Ridge research community may be established as one of the Center's primary activities. 

The Center will also support other unique education activities. Primary and secondary 
school students, under supervision of their teachers* will conduct energy-related experiments 
in an Energy Experiments Laboratory, This laboratory will contain exciting, hands-on 
experimental set-ups and instruments (normally not available in school laboratories) to 
illustrate scientific principles and theories in novel ways, (The Energy Experiments 
Laboratory is a part of the Young American Scientists initiative menti oned earlier). 
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The good idea* do not stop with these majorirbtiativea, ORAU is working to expand the 
successful high school teachers program, STRIVE, Following a three-year pilot effort At 
ORNU STRIVE it ready for replication it other DOE laboratories. Another productive 
program ready for expansion and replication m ORAlTt Minority Challenge Program for 
High School Science and Engineering Students. Known as Challenge, the regional model 
was initiated last summer with a two-week science camp for 30 minority students and 
continued through the academic yev with activities designed *o nurture and sustain the 
interest generated by the summer program, The program oas attracted a great deal of 
media attention and received acclaim from student participants, parents, and school 
officials. 

These initiatives and program models are real solutions to the problems we have identified 
as a nation. Oak Ridge Associated Universities stands ready to offer our expertise and 
experience toward reaching our common goals. Together, we can build the bridges we all 
need. 
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Ms, Lloyd. Thank you very much for excellent testimony. Lee, 
would you please proceed. 

STATEMENT OF DR. LEE L, RIEDINGER 

Dr. Riedinger. I enjoyed being here to see Mrs. Lloyd and Mr. 
Schiff and also the members of your excellent Subcommittee staff, 
who are to be complimented. 

I would like to bring my perspective to this problem from two 
standpoints. One is as a professor of physics at the University of 
Tennessee and Director of the Science Alliance program, but also 
as a father of two daughters, one of whom got her Bachelor s 
degree in chemistry yesterday and the other being a high school 
science student. I hope they both continue in science. 

Ms. Lloyd. I am very happy that you brought up the subject that 
we are placing emphasis today, that we do not want to overlook 
women, minorities in this process. You referred to your daughters, 
I am happy to say that my daughter-in-law is here for this hearing 
and she just got her degree and she is also the mother of a three- 
year-old. So there are a lot of good things happening. 

Dr. Riedinger. That is to be very much applauded, 

Ms. Lloyd. You allow me that personal note 

Dr. Riedinger. Of course. 

Mr Schiff. My daughter is only 1 1 years old, but my wife has a 
Bachelor s degree in mathematics. 

Dr. Riedinger. Good. Well, physics of course is the best field, but 
any science will do. [Laughter.] 

I would like to I guess talk about the problem first of all. 1 guess 
I disagree with some people in the country that attribute the prob- 
lem of science and engineering students to the school system and to 
the course work. When I compare the science courses that my 
daughters have taken in high school to what I took 30 years ago, 
there is no comparison, they are far better, far more detailed, far 
better taught than what I had 30 years ago. 

Instead, I think the problem rests with a lack of inspiration and 
nurturing of the students. They have to be inspired about science 
and engineering. When I was a student it was Sputnik that did this 
inspiration. Today it is difficult to find one issue that provides that 
inspiration, but we need to find some way to inspire and nurture 
this interest of students in science. I would like to find a way to do 
that. 

To accomplish that, I think 1 would like to suggest two things. 
One is summer programs. A lot of people have spoken about that. I 
think we need more and better summer programs for the children 
at the high school and college level. My second point that I would 
like to make as I go through this is that I would like to emphasize 
the collaboration of universities and national laboratories in doing 
this. I have some fear of national laboratories setting up too much 
of a structure without the cooperative input of universities who are 
expert at education, We do already a lot of different programs, 
summer programs, for students. 

I direct the Science Alliance which is a State of Tennessee 
Center of Excellence and our role is to bring a closer collaboration 
in the sciences between UT-Knoxville and Oak Ridgp National Lab- 
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oratory. And one of the programs we do is a summer program for 
college science majors. We bring them to campus for ten weeks, w e 
pay them a stipend* some of them work at the University, some at 
Oak Ridge National Laboratory* and it works very well to keep stu- 
dents at that level interested in science. 

That is all State money. We spend $300,000 of State of Tennessee 
money on that program. Also there is the Tennessee Governor 
Schools Program where about 150 students per summer come to 
the Knoxville campus for the Governor's Schools in science, to get 
inspired and nurtured in science. 

Jon has talked about a variety of things, they do an excellent 
program in STRIVE, which we collaborate ir. a bit, to try to bring 
that further training and inspiration to high school teachers. 

I emphasize the summer programs as being a place where the 
Federal Government should put its emphasis because I think the 
schools are doing a fairly good job in academic year training, but 
the students need to be inspired in the summer to continue their 
study of science. For example, the programs need to become bigger 
and better. The State of Tennessee, through Ms. Farmer, runs a 
DOE program, a summer honors program that Ms. Joseph men- 
tioned, but it only gives an opportunity for seven State of Tennes- 
see high school students to go to a national lab in the summer, and 
a lot of good students, science students in high school miss that op- 
portunity. That needs to be expanded tremendously, I feel. 

In my written testimony I describe a program where perhaps a 
university and a national laboratory working together could accom- 
modate 300 high school students for the summer, and they should 
not only get training with sophisticated scientific equipment at the 
national laboratory, but I think they should get enrichment courses 
through the university end of the collaboration, There should be 
courses in FORTRAN, courses in astronomy, courses in biochemis- 
try, general courses, but things that they cannot get in high school 
in most cases, which they will need if they are going to proceed on 
to a career in science. 

Also I envision a program at the college level As we discussed— 
a lot of people discussed — there are a lot of programs for college 
science students, but I envision a university and national laborato- 
ry working together to maybe have 200 students coming to the 
campus and the national laboratory for the summer, once again 
using the faculty who are available to help guide the students and 
the scientists at the laboratory to help do that. That would be a 
research program for maybe ten weeks. 

The third part of the program I described was a high school 
teacher program, and that is being done through STRIVE now and 
through other programs on a small basis, but I think that needs to 
be expanded. 

And once again, I would involve the university involvement be- 
cause the high school teachers need to get academic credit to fur- 
ther their progression of their careers in high school teaching. 
They may want to take courses of different types in science in the 
summer. 

This is an expensive program, what I just talked about, it would 
involve two to three million dollars per university/national labora- 
tory collaboration. That is a lot oi money, but I think it is an 
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amount of money that needs to be spent. But I think the money 
can be cost-shared. For example, the program I direct, we use State 
of Tennessee funds to the tune of $300,000 per summer for our col- 
lege student summer program. The State should be asked to cost- 
share part of this package I believe. 

In addition, I think that the Federal Government funds for such 
a summer program should come from various sources, not only 
from the NSF or from the civilian R&D part of the Department of 
Energy, but also from the military R&D part of the Department of 
Energy, because the supply of students will affect not only the uni- 
versities of the future, civilian R&D of the future, but critically 
will affect our progression in military R&D in the country. 

So in summary, I think summer programs are the keys Certain- 
ly the instructional programs need to be improved, but I really 
think that the good high school children with aptitude toward sci- 
ence and math need to be grabbed in high school and need to be 
stimulated and nurtured through exciting summer programs. A 
few of them get that opportunity now, but too few. More of them 
would maintain interest in science and see the excitement of sci- 
ence if they could go from the simplicity of the high school courses, 
in a sense, to the fascinating complexity that they would see in the 
summer at the national laboratory/university complex. And if we 
could somehow have funds to do these summer enrichment pro- 
grams for more high school science students, I think our country 
would benefit tremendously in the next decade or two. 

Thank you. 

[The prepared statement of Dr. Riedinger follows:) 



9 

ERIC 



271 



Nurturing of Science Students 

A Cooperative Venture of Universities and National Laboratories 

TESTIMONY OF 

Lee L. Riedinger 

DirectOk, The Science Alliance 
and 

Professor of Physics 
at 

The University of Tennessee, Knoxville 



Before the Subcommittee on Energy Research & Development 
Committee on Science, Space, and Technology 
U. S. House of Representatives 

May 15, 1989 



272 



Nurturing of Science Students 

A Cooperative Venture of Universities and National Laboratories 

by Lee L Riedinger 
Director of the Science Alliance at the University of Tennessee, Knoxville 
Professor of Physics, the University of Tennessee, Know; tie 

May IS, 1989 



American society is increasingly reliant upon technology and science, but 
too few students choose to make a career in science, as opposed to finance, law, 
or management. The forefront of our country's research equipment is becoming 
more complex, expensive, and breathtaking, but these extreme aspects of that 
technology deny students easy access to it for educational purposes. The detailed 
scientific curricula available to students at the high school and college level easily 
surpass, in my view, those available to previous generations, but too few students 
are being exposed to the excitement of science. 

All of the above dilemmas have contributed to the decreased production 
of scientists and engineers in the UiJ. In my view, one way to reverse this trend 
is to carefully nurture those students with mathematical and scientific aptitudes by 
carefully bunging them into contact with our country's foremost scientific 
laboratories and universities. As the following testimony will demonstrate, this 
can best be achieved by developing close collaborations involving universities and 
national laboratories. 



1, The Science Alliance 

My views on this matter have been shaped, to a large extent, by my 
teaching and research experience as a nuclear physicist at the University of 
Tennessee, and by my work during the last few years as director of the Science 
Alliance program at UT, A stai^-funded Center of Excellence now in its fifth 
year of operation, the Science Alliance is the oldest and largest of the Centers of 
Excellence established by the Tennessee Higher Education Commission. The 
Center's mission is to increase the capabilities and visibility of the sciences at UT 
through close collaboration with the science units at Oak Ridge National 
Laboratory (ORNL). 

This mission is accomplished in a number of ways. The Science Alliance 
promotes the hiring of world-class researchers to fill joint UT/ORNL posts as 
"Distinguished Scientists." The combined resources and capabilities of the two 
institutions allow us to attract leading scientists at the tops of their professions. 
Currently, nine Distinguished Scientists work in areas ranging from physics to 
geology. 
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The Science Alliance also provides funding for UT faculty and their 
ORNL associates to purchase sophisticated scientific equipment. Our funds 
generally provide partial payment for this equipment and act as a magnet for the 
remainder, which often comes from federal matching money. The Science 
Alliance also supports joint UT/ORNL institutes. For example, the Joint 
Institute for Heavy Ion Research is housed in a university-owned building at 
ORNL and serves as a focal point for 50 atomic and nuclear physicists from 
across the world to come and work on research at Oak Ridge. 

But perhaps the most important Science Alliance initiatives arc its 
educational programs. Because we arc acutely aware of dwindling supply of 
scientists being produced, we spend a significant portion of our funds on 
programs aimed at bringing outstanding students into the sciences and keeping 
them there. For example, Science Alliance stipends are added to the regular UT 
stipends for graduate students in order to attract and keep better students in 
graduate science studies at UT. These extra stipends have had a profound affect 
on the ability of our science departments to bring exceptional students to UT for 
graduate study. Another way we are involved in education is the Science Alliance 
Summer Research Program for Undergraduates. In this program, approximately 
100 college science students are brought to the University of Tennessee for ten 
weeks of research with UT and ORNL personnel. The undergraduates are 
currently paid a stipend of $2,50) (plus a small travel allowance), and their time 
in East Tennessee is spent getting firsthand knowledge of the excitement 
associated with high-level scientific research. The primary goal of this program is 
to provide an inspiring research experience for talented science students, with the 
hope that they will continue onward to graduate studies in scientific areas. 

The undergraduate Summer Research Program has met with tremendous 
success and can act as a role model for large-scale programs on a national level. 
The program is funded entirely by state resources, and it annually accounts for 
$300,000 of the total $4 million given each year to the Science Alliance by the 
state of Tennessee. The ORNL scientists and UT faculty overseeing the students 
are extremely enthusiastic about the program, which has consistently attracted 
high-quality students who might otherwise have pursued opportunities outside of 
science and technology; a number of the student participants have since returned 
to UT for graduate work in the sciences. The students themselves, who come 
from across the country, are also very enthusiastic about the program because it 
provides for most of them the first excitement of contact with a forefront research 
program. 



2. Suggestions for Future Programs 

The Science Alliance has demonstrated the desirability and feasibility of 
close interactions involving a large university and a federally-funded national 
laboratory. Combining their resources clearly enables the two institutions to 
accomplish more than either could on its own, while permitting each to capitalize 
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on the unique capabilities of the other. UT ami ORNL's shared experience in 
hiring distinguished scientists; co-funding major pieces of equipment; creating 
and operating joint institutes; and administering summer research programs, all 
convince me that such collaborations may be the best way to nurture students 
with scientific and mathematical aptitude, for the purpose of pointing them 
toward careers in science. 

In each of the specific suggestions listed below, the symbiotic aspects of 
the university/national laboratory collaboration are crucial. Whereas a national 
laboratory is not equipped to handle a large influx of high school and college 
science students, most universities lack the large-scale research facilities to 
provide profound research experiences to a large quantity of summer students. 
That is why the combination of the two institutions can successfully provide the 
summer programs desired for a large number of students, 

I have three suggestions for summer programs involving university and 
national laboratory cooperation. The first is aimed at talented high school 
students, the second is for high school science teachers* and the third is for 
undergraduate science majors. Their common element is that each would involve 
a program of research and coursework at in a university/national laboratory 
environment. 

A, High School Students 

The Department of Energy currently sponsors a fine initiative called the 
High School Science Honors Program. Each of the 50 states selects seven 
high school students, one to be placed in each of the seven national 
laboratories participating in the program. In the program, each of the 
seven national laboratories has 50 high school students for a two-week 
program of research experiences- A similar program in the state of 
Tennessee is the Governor** Schools the science portion of which is 
hosted by the University of Tennessee, Knoxville. Approximately 150 
Tennessee high school students visit UTK for four weeks of course work 
and research experiences in the summer. 

The strongest elements of both of these programs could be combined to 
give a lasting experience for many more talented high school science 
students. The DOE program currently is able to accommodate too few 
students from each state. An increased number of students involved in the 
program for a period longer than the presently-offered two weeks would 
require the use of faculty from the university working with a national lab 
scientist to handle the increased influx of students. Rather than the 
national laboratory handling 50 students for two weeks, I propose that the 
combined national laboratory /university entity accommodate 300 students 
for six weeks of summer science experiences. 
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If this expanded program were to be instituted, ample dormitory space on 
the university campus would be available for the six-week period. Students 
would spend half of each week at the university and half at the laboratory. 
At the university, they would be involved in short courses on Fortran 
programming, astronomy, and biochemistry, in addition to laboratory 
exercises in biology, chemistry, and physics. At the national laboratory, the 
students would be involved in research projects. To provide continuity 
between the two halves of these experiences, it would be wise for some of 
the national laboratory research supervisors to be university faculty who 
are involved in those facilities for their own research programs. 

Over a five year period, this program could provide meaningful research 
experience to 10,500 s udents (in the limit of alt seven national 
laboratories participating), many of whom otherwise might not pursue 
scientific careers. Of course, funds would be needed to operate a program 
of such magnitude, and cost sharing between federal and state resources 
would be wise. Funds would be needed to pay for (1) dormitory space for 
the students, (2) partial summer salaries for the scientists and faculty 
involved, (3) transportation for the students between the university and the 
national laboratory, and (4) small stipends for the students themselves. 
The last point is important, because many high school students feel the 
necessity of having summer jobs to earn money toward their education. 



B. College Science Majors 

This part of the program would be modeled on the Science Alliance 
Summer Research Program discussed above. Two hundred college science 
majors would participate in the summer program for ten weeks. They 
would be assigned to research groups, either on the university campus or 
at the national laboratory. While no courses would be given, there should 
be a series of lectures (two per week) on current items of interest in broad 
areas of science. As with the high school students, these 200 college 
students could live in university dormitory space, A stipend of $4,000 
would be required for each student. In addition, funds for partial support 
of summer salaries for involved scientists and faculty would be important. 
In view of the increased training they have in science compared to the high 
school students, students at this level would be involved in a significant 
research project. 



C High School Teachers 

This program could be modeled after the successful STRIVE Program 
currently being operated by the Oak Ridge Associated Universities 
(partially in collaboration with the University of Tennessee, Knoxville). 
Fifty high school science teachers would be involved in a ten-week 
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program in the summer. At the university, they would take course* for 
graduate credit in scientific areas close to those they teach in high school. 
The credit is important for their professional advancement in their high 
school leaching careers. They would also be involved in a research 
experience with a university or national laboratory group. Their scientific 
background would be more akin to that of the college students (rather 
than the high school students), in view of their advanced prior training, 
indeed, the college students and high school teachers could be assigned to 
work side by side in various research areas. A stipend of $3,500 for the 
summer of enrichment is proposed for these high school teachers. 

The programs outlined above are definitely ambitious, intended as they arc 
to provide scientific enrichment for 300 high school students, 200 college students, 
and 50 high school teachers via a university/national laboratory collaboration. 
This large numbe- of incoming students and teachers would require a major 
commitment by the university and the national laboratory; the resources and 
personnel of both institutions would be essential for such a large-scale program. 
My personal feeling is that such a program is feasible here in Tennessee, 
involving the University of Tennessee, Knoxville, and the Oak Ridge National 
Laboratory. I also anticipate that this could be established at other 
university/laboratory sites. 

The size of the program will require a substantial investment of state and 
government funds. While some may view the cost as too great, I submit that it is 
a cost that must be borne by a society facing the technological and scientific 
imperatives that now confront the U.S. Also, it seems inappropriate that the 
federal agencies supporting education and civilian research and development 
should be asked to bear the full teueral portion of this program. Military R&D 
obviously benefits tremendously from the scientists and engineers trained by our 
universities. Therefore, the Department of Defense or the weapons programs in 
the Department of Energy should be expected to partially bear the cost of this 
initiative. 

The goal of this program is to nurture interest in science. The urgency felt 
in the wake of SPUTNIK led to tremendous nurturing of scientific interest in the 
late 1950s. It is difficult to imagine one such event in today's highly technical 
society that could inspire students to pursue scientific careers to that same 
degree. I believe that our high schools and colleges are doing well at teaching 
high-quality science and mathematics courses. Perhaps what is tacking is the 
confidence on the part of the student to be able to make the huge jump from the 
"simplicity" of high school physics to the tremendous detail involved in forefront 
research and/or development in the physical sciences. The proposed summer 
experiences for high school and college students would offer an exciting and 
friendly environment that would go a long way toward decreasing this 
intimidation factor, while also inspiring the student to study science further for 
the beauty of it. This is what I mean by nurturing the science student. 
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Ms. Lloyd. Thank you very much, Lee. 

Has the Science Alliance examined the college of education cur- 
riculum to determine if our teachers are being given a strong back- 
ground in science fields? 

Dr. Rikdinger. Not the Science Alliance precisely, but the uni- 
versity at large has. I gues& my feeling is that the colleges of educa- 
tion in our country are beginning to come into the twentieth centu- 
ry as we are about to proceed to the twenty-first century. There 
needs to be more science courses in the curriculum of a teacher 
who wants to teach science. Our college of education is headed in 
that direction. 

Ms. Lloyd. But thev are just not there yet? 

Dr. Riedinger. Well they have added a fifth year, a fifth year to 
beef up the science that the teacher will have. 1 think they need to 
go further in that direction, but that :s my own prejudice I sup- 
pose. 

Ms. Lloyd. I am going to ask several questions that 1 would like 
for all of you to respond to. Jon, you responded bru fly on the pro- 
grams that should be provided for the average students. I would 
like for all three of you to touch on that just a little bit more, pro- 
grams for the average student, and the age that we should begin 
interesting our young people in science programs and the programs 
that are aimed for elementary and secondary education. 

And then finally, to elaborate on the role of programs for teach- 
ers. Is this the best way to enhance science education on the pro- 
grams that should be ongoing and not just summer. 

Ms. Bardeen, if you would take the microphone and then— since 
we do not have microphones for each of you, I thought that might 
be the most practical way. 

Ms. Bardeen. Okay. First of all, I think the most important 
targ?t audience is the teacher, because I think through teachers 
you reach larger numbers of students than a laboratory could pos- 
sibly hope to accommodate. 

I think that our experience would suggest that the most effective 
teacher to work with is someone who has had some experience, 
who is relatively well educated in science; that is to say, most sci- 
ence teachers do meet the State certification requirements for sci- 
ence, although some science teachers may have a minimum 
number of courses, for example in physics or chemistry or physical 
science. You need to work with someone who has an understanding 
of science, not the P.E. teacher who is now suddenly teaching sci- 
ence. That teacher needs to go to a strong university program as 
opposed to a laboratory program. 

Ms. Lloyd. Would you recommend bringing teachers back for re- 
fresher courses? 

Ms. Bardeen Yes, that type of thing. The kind of program 
where you can update their background and at the same time en- 
hance their teaching skills, get them more comfortable with hands- 
on science, but also get them more comfortable with the topic 
itself 

We have found it very successful to use the best teachers as 
teachers of the average teachers. So in our particular case, w*? use 
them as staff members. We use them to put together the curricu- 
lum, they know who is out there in the real world who is a good 
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presenter for teachers, and we can very often work again in con- 
junction with the university, with research people, to put together 
a program that— in which all of the speakers are exciting to teach- 
ers, instead of just one or two and then there are the ho-hum ones 
where they say yeah, but you know, he was talking way up here 
and I do not know calculus and I could not understand a word he 
said. 

So I think that it is very important to use teachers as a resource 
in developing the programs. 

1 would certainly echo what has been said before, in that I think 
the laboratories need to reach out to teachers of younger students. 
I think we need to find ways to enhance the pipeline and we will 
only do that when we reach out to kindergarten, first grade. And 
at the same time, you have mentioned a lot about girls and wonen, 
and I do not think you can make a change there until you reai:i 
out to their mothers, because it is their mothers who are going to 
turn them off to science. When the little girl comes home and she 
is eight years old and her mother says I cannot do your math 
homework, you have got to ask Dad, or I do not know what that 
yucky stuff is you are looking at, it looks like science to me, you 
have already turned off a girl. So I think that part of the program 
needs to address the follow-up, the PTA, the getting in touch with 
the whole community that is a part of our school system. And I 
think the laboratories have the potential to do that. 

Certainly in our discussions with the people in our region, we see 
a lot of possibilities, and in fact at Fermilab there are all these 
ideas bubbling up from the technicians, from the engineers, from 
the scientists and in some sense we are trying to find a way to put 
them all together and to have a program that is a cohesive whole 
and at the same time find the resources to keep those ideas alive. 

Ms. Lloyd. Jon. 

Dr. Veigel. Two responses to the question. With respect to train- 
ing the trainers which I think is the way to go from a leverage 
point of view, what is missing as far as 1 am concerned at the 
teachers at the public school level is it is very difficult for them to 
gather themselves together in critical masses, to get that support 
group kinds of activities. And anything we can do that will en- 
hance that I think has got to be beneficial, from working at the 
school district level— we talk about adopting schools, we ought to 
be talking about adopting school districts and working with teach- 
ers at that level It may be possible for DOE, for example, to— I 
would encourage at least the possibility of a national satellite net- 
work where what could be beamed to individual schools would be a 
50 minute unit on superconductivity from Fermilab or something 
from Livermore, so that you could have a menu of enrichment pos- 
sibilities that could go to the school and be taped and be used by 
the teachers when it suited their particular purpose. 

Ms. Lloyd. That is a good point, because elementary teachers do 
not have to be certified m science education, is that correct? 

Dr. Veigel. That is my understanding, right. 

Ms. Lloyd. So that is the only way we are going to get this level 
of expertise in our elementary schools. 

Dr, Vejcel. That is right. And while we started about thinking 
about it part out of a sense of whimsy, we are getting more serious 
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in Oak Ridge about a child care facility that would be between Oak 
Ridge Associated Universities, Martin Marietta and the whole 
town, which is high technology in its own right, and looking at 
child care and getting at the students at that level with respect to 
setting the foundation for the kinds of science that we are talking 
about here. Because to return to my first question, I think it is not 
so much getting the students originally to commit to science, it is 
to keep them from foreclosing that later opportunity, and the only 
way they can do that is by staying open to the possibility of con- 
tinuing to take the math, et cetera. 

The final comment I would like to make about teachers is I think 
one of the resources that is most rapidly decaying in this country 
are junior college faculty and faculty at liberal arts colleges where 
there is not a major program of research underway. And it is these 
people on whom we are depending to train this next generation 
and when the half-life of knowledge at that level of science and en- 
gineering is turning over— is so short now, those people are auto- 
matically behind times unless there is some way for them to be 
kept abreast of things. 

Dr. Riedinger. I guess I would like to respond to the issue of the 
students who are not necessarily the cream of the crop, how to 
reach out to the minority students or whatever. I guess I am not so 
worried about women in science, I think they respond to the inspi- 
ration just as well as male students. For example, in our summer 
program for college science majors, of the 100 that we brought to 
campus last summer, to UT and to Oak Ridge, almost half were 
female students in the sciences, so I think that will come along 

Minority programs, we need to have reach-out programs and we 
are trying to use part of our money for that, to bring minority stu- 
dents to our program, even though their credentials at first look do 
not really look as impressive as the other students. 

And then as far as attracting the average students into science, 1 
guess my feeling is you start with the cream of the crop. Right now 
our limited summer programs for high school students can only ad- 
dress the cream of the crop. You have got to try to grab those kids 
first. As you expand the number of slots available for talented high 
school students, naturally you go down from the cream and start to 
move toward the average students. And I guess that is the only 
way I know how to target the average students. 

Ms. Lloyd, Thank you. Mr. SchifT 

Mr. Schiff. Panel, 1 just have one subject I would like to bring 
up, and that is coming from Dr. Riedinger's reference to Sputnik 
when you were a student, Doctor. I want to mention my older 
brother was a high school student when Sputnik went up and he is 
a physicist now too. So 1 see the bimilarity. I might add, when I got 
my degree in political science, he made great fun of that term po- 
litical science as a misnomer. Funnv thing is, he has not made fun 
of that recently, I do not understand. 

Seriously, I serve on another subcommittee of Science, Space and 
Technology and that is the Space Applications Subcommittee, 
which oversees NASA and the space program. There is a move- 
ment, of course it has been progressive for sometime, to build a 
manned space station to be followed by manned, human manned 
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trip to Mars. The testimony has been that from a purely scientific 
analysis point of view, we could do much of that, if not most of 
that, if not pretty much all of that, what a space station could do 
and what a trip to Mars could do, with robotics. It is very difficult 
to justify exactly why do we need to take the risk and the much 
added expense of creating a human adaptable environment. And 
one of the arguments given was the existence of humans in space 
and on a space trip will stimulate an interest in space and science 
and sc forth. And at first I thought well that is a pretty expensive 
way of doing things. But I am starting to believe now maybe there 
is something to that. 

I wonder if any of you or all of you would comment, and 1 do not 
know that it has to be limited to a space station, that just simply is 
my experience. But I wonder if investing in highly visible projects 
will make things worthwhile in the sense of stimulating the inter- 
est of our best students in science, which is what we are all trying 
to do. Any comment or observation you have on that, I would ap- 
preciate. . 

Dr. Veigel. Just one comment, Congressman. Sometime in the 
late nineteenth century, the historian— I have forgot^n his 
nQme __that noted the disappearance of the American frontier and 
what that had done to the American psyche, I suspect that science 
and technology represent this century and next century's frontier 
for us to explore and that there is value, cost-effectiveness aside 
there is value for that kind of involvement. It would probably be 
worthwhile if we sent a poet on the next shuttle flight instead of 
another scientist for the ability to bring some of that experience 
home to the Nation as a whole. 

Dr. Riedinger. Or a Congressman. 

Dr. Vejcel. Or a Congressman. A Congressman has been on a 
space flight already. 

Ms. Bardeen. 1 can see that a manned space program or another 
big science program like the SFC for example, is something that 
can generate a lot of excitement and enthusiasm. However, it re- 
minds me in some sense of the idea of the super-athlete, of which 
there are very few in this world, but yet in some sense what we 
want to do is interest everybody so they will be involved in intra- 
mural programs and have good health. And I would hope that we 
would not consider programs like that at the expense of shall we 
say good examples in small science, because I think that young 
people can be equally inspired by having a good experience with 
someone when they understand what real science is. And by that I 
mean not what they necessarily get in all of their classrooms, but 
having opportunities. For example, to come to Fermilab and see 
that scientists wear Levis, they are not in their office, they scribble 
all over the blackboard, they have curly hair, some of them are 
even women. I mean all of those affective things, if you will, can be 
just as inspiring as the fact that you could go to the moon. Because 
you see, I am never going to get to the moon, but in fact I could get 
in the door at Fermilab and have an opportunity to be involved in 
something *hat is really exciting. 

So if you have to make a choice, if I had to make a choice and 1 
were in your position and I was looking at it purely from the point 
of view of motivation, I would choose thousands of points of light 
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that are small rather than one large roman candle that would ex- 
plode in one puff. 

Dr. Riedinger I agree that you justify the space station on the 
science, but if a spin-off can be inspiration of the next generation of 
kids into science, I think that is a wonderful spin-off, but of course 
justify it on the basis of the science that you would do. 

Mr. Schiff. Let me say, it could well be the choice that Ms Bar- 
deen was referring to. I am awfully concerned, for example, about 
not only the space station, but the superconducting semicolliders, 
not that I have— not that it has ever done anything to me, you 
know, I do not have any problem with it individually but when you 
start looking at the price on it and it sure appears to me it does 
affect other programs, that creates a dilemma. Nevertheless, it 
may well— I cannot overlook, especially for my own family back- 
ground, the impact that the Sputnik program, and it was not even 
our program, it was the other side's, clearly had on American edu- 
cation. So I do not have all the answers, but I understand what you 
are all saying and I appreciate it. 

Thank you, Madam Chair. 

Ms. Lloyd. Thank you very much, Mr. Schiff. 

Thank you, you have been an excellent panel of witnesses. We 
have just really uncovered more in this hearing than we even an- 
ticipated and you have largely contributed to the success of this 
hearing. Thank you very much. 

We are going to break for lunch right now and we will get back 
as soon as possible and try to start a little bit before two. Thank 
you very much. If there are no further comments, the Subcommit- 
tee stands in recess. 

(Whereupon, at 12:42 p.m., the subcommittee recessed, to recon- 
vene at 1:50 p.m. the same day ] 

AKTERN<X>N SESSION 

Ms. Lloyd. The Subcommittee will resume our hearing. We are 
running a little bit late, but we thank all of you for being here. 
Our third panel begins our information from educators. Dr. Ber- 
nard Benson is a member of the Tennessee Academy of Sciences 
and a faculty member of the University of Tennessee at Chattanoo- 
ga. Of course, Dr. Ron Cox is Dean of Engineering at the Universi- 
ty of Tennessee at Chattanooga. We welcome you distinguished 
gentlemen and appreciate you being here. Would you begin your 
testimony? 

Panel 3 

STATEMENTS OF DR* BERNARD W. BENSON, DIRECTOR OF 
CENTER FOR ENVIRONMENTAL, ENERGY. SCIENCE EDUCA- 
TION. UNIVERSITY OF TENNESSEE, CHATTANOOGA, AND PRESI- 
DENT OF TENNESSEE ACADEMY OF SCIENCES AND DR 
RONALD B, COX, DEAN, SCHOOL OF ENGINEERING, U?:IVERSI- 
TY OF TENNESSEE, CHATTANOOGA 

Dr. Benson. Thank you. 

The forte of the national laboratories 
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Ms. Lloyd. Excuse me, you may have to bring that microphone a 
little bit closer. 

Dr. Benson. The forte of the national laboratories is research 
and the national laboratories represent an idealized environment 
for allowing participation in research projects by precollege stu- 
dents and teachers and by undergraduate majors in the sciences. 
What I would like to do is temper that statement by addressing, at 
least from my background, the kinds of programs that I am in- 
volved in in science education and the kinds of programs that are 
going on in the State of Tennessee, because I think from that per- 
spective—and especially as I listen to what is going on here today, 
I find that I am in agreement with most of what has been said, but 
I do feel that I ca.i add a perspective that might bring bearing on 
the problem as you see it. 

One program I would like to emphasize is the visiting scientist 
program of the Tennessee Academy of Sciences. Actually now it is 
administered bv Oak Ridge Associated Universities. About four 
years ago, ORAU took over the administration of this program and 
it has been operating under that auspice since that time. The pro- 
gram actually ha* been ongoing for about 15 years. There are 
about 169—1 think the count in the current roster is 169 scientists 
involved in the visiting scientist program. Interestingly, 23 of those 
scientists are employed by Oak Ridge National Laboratories. 

Now the point that I would like to bring out with regard to this 
program is that last year there were 66 requests for visits from 
schools within the State of Tennessee. These are junior high 
schools and middle schools and primarily high schools. Only 45 of 
those visits were completed. I am not going to speculate as to what 
that means, but it clearly is an under-utilized program. 

There are several other programs that I do not think have been 
mentioned, that I will mention briefly and then focus on those that 
1 am directly involved in. 

The Junior Science and Humanities Symposium, which has been 
active for 24 consecutive years under the direction of Dr. Paul Wi- 
shert, Professor Emeritus of Science Education at UT-Knoxville. 
Thirty-five schools participated in this program last year and I be- 
lieve including the national labs, approximately 20 laboratories 
provided direct and indirect support for this program. 

We have a very active regional science fair program in Tennes- 
see, there are four regional science fairs. I do not believe the 
Center for Excellence in Science Education at UT-Martin has been 
mentioned. They have a myriad of programs addressing precollege 
science teacher education. 

And I think I would like for the record to emphasize that two 
professional organizations in addition to the Tennessee Academy 
are very actively involved in science education. They are the Sci- 
ence Association of Tennessee and the Tennessee Environmental 
Education Association. As President of the Tennessee Academy of 
Science, I am most familiar with the programs that have an educa- 
tional focus, of this organization. 

In addition to the visiting scientist program, the Academy sup- 
ports a grant-in-aid program administered by the Academy's re- 
search committee. This is students in Tennessee's high schools who 
are eligible to participate in this program. The Academy made 14 
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awards last year to support research in the fields of science and en- 
gineering. 

The primary program dealing with research in science 'educa- 
tion — or research, I am sorry, research in the sciences, directed by 
the Academy is the Academy's— the Tennessee Academy's Junior 
Academy of Science. The primary purpose of this is to aid in pro- 
moting and encouraging improved science education instructional 
programs in Tennessee high schools and to encourage more origi- 
nal scientific research by young students under the guidance and 
instruction of competent and inspired secondary teachers. At the 
annual meeting of the Tennessee Junior Academy this year, which 
was held incidentally on April 21 at Pearl Cohn Comprehensive 
High School in Nashville, a total of 2'A students were invited to 
present papers, 44 papers were submitted from 11 schools. 

This morning you heard testimony from Mr. Willis describing 
the university-based center network that is supported in part by 
Tennessee Valley Authority. As Director for the Center for Envi- 
ronmental, Energy, Science Education at UTC, I have been in- 
volved for the last nine years in this very comprehensive network 
Each of the centers in this network provide several basic functions, 
all of us are involved in providing services and resources through 
pre-service and in-service teacher education. AH I think are in- 
volved in working with teachers and promoting teachers in the de- 
velopment of instructional resources and materials. And each of 
the centers 1 think is unique and stands out for their particular 
area of expertise. For example, I work very closely with Tennessee 
Wesleyan College. Both UTC and Tennessee Wesleyan Centers are 
involved in the design and development of applications of laserdisc 
technology to education. Tennessee Wesleyan emphasizes science 
applications at the college level and we work primarily with ele- 
mentary and secondary school teachers in exploring ways to use 
this technology in education, especially science education. 

The program that I think has received most recognition that I 
am involved in is the student water quality monitoring network. 
This too is a program supported by TVA and in this case primarily 
the Water Quality Department of TVA. There are some features of 
this program that 1 would like to emphasize because it has been 
considered, at least by those that participate in it, to be the most 
outstanding program that they have ever participated in concern- 
ing their own professional growth and development. 

I think there are some special qualities that this program has 
that result in this kind of statement. I think one point to make is 
that the program is ongoing, it is now in its fourth year of oper- 
ation, essentially the same teachers and students have been in- 
volved throughout that period The program has not just focused 
on disseminating information to teachers, but involving teachers 
and students actively in research, in this case research on water 
Quality. All teachers are given some instructional background but 
the emphasis is on developing cooperative relationships between 

Professionals in the field of water quality, educators and students, 
o there is a mutual relationship, and the key I think to any effec- 
tive in-service education program for teachers or any effective sci- 
ence education program at the precollege level is a mutual benefit, 
a benefit that can be derived by both teachers and students. 
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One thing I would like to focus on is the— some of the reasons 
why programs like ours are successful or some of the concerns or 
admonitions that you might want to look at concerning directing 
precollege teacher education programs in the future. 

Science for all Americans, a recent publication presented by 
AAAS, states that emphasis on science instruction in the schools 
today is on learning the answers more than on the exploration of 
questions. Memory at the expense of critical thought, bits and 
pieces of information instead of understandings in context, recita- 
tion over argument and reading in lieu of doing. This account goes 
on to say that the present science and mathematics curricula are 
overstuffed and under-nourished. The condition is not likely to 
change until the governance of science education is controlled by 
that small percentage of teachers that I mentioned above. 

Now if you look just at the involvement of teachers in the Junior 
Academy "of Science, 11 schools out of some 350 secondary schools 
in the State of Tennessee, that comes out to something like three 
percent of the teachers are involved. When I talk to colleagues 
around the State, I find— that are involved in these other pro 
grams— that essentially the same teachers are involved in all the 
programs. ->o the leadership is very small, and the leadership is 
very diffuse. 

\Ve can focus on a certain program being effective, but it we 
really look at the interface between these programs, we are finding 
that maybe we are reaching the same people and that same per- 
centage—that percentage is very small. 

I do feel that the national laboratories should play a vital role in 
science preparation programs, but should restrict their involve- 
ment in other aspects of teacher education at the precollege in- 
structional level, such as in the development of instructional prod- 
ucts or in preparation of teachers in general. 

Central to tht problem of developing scientific literacy at all 
levels is the development of effective elementary school science 
teacher education programs. Little more than titular support has 
been given to college and universities in recent years to develop 
more teacher education programs. The increased involvement of 
national laboratories in these areas, unless done cooperatively with 
higher education, can only result in a dilution of effort and distor- 
tion of what really needs to be done, and I think this statement has 
already been echoed several times this morning. 

I know that my remarks do not fully reflect the complexity of 
the dilemma facing us in science education today. Nor have I ex- 
pressed the perplexity 1 feel when trying to communicate my views 
on the problem. I am a strong advocate of a soft path approach to 
most problems in education; that is, a lot of small efforts as op- 
posed to a few larger ones. Whatever we do, the personal and pro- 
fessional growth of students and teachers is central to our mission. 
What we do not need are more programs that reflect the defect 
point of view, and that is that there is something wrong with the 
teachers out there and the experts in the field know what the 
answer is. That is the hard path approach, it has not worked in the 
past and I do not think it will work now. 

Thank you, 

[The prepared statement of Dr. Benson follows:) 
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Introduction 

f! is my understanding ma! the purpose of this tearing is to exptore options for increasing trie 
involvement of our National Laboratories ti\ pre-oolSege science education for trie purpose of 
-Qxcftng students and encouraging them to enter* careers relied to science and technology 
This is a laudable goal and I unequrvocaSy support Its Intent. The forte of the National 
Labon^Mies is research, and the National Laboratories represent an kteafeed environment for 
afiowtng parfidpation in research projects by pnxoflege teachers and students as wee as 
urKtergraduate students majoring in teacher education. 

Existing Programs 

I would Fka to present an overview of what Is already going on in this area, at feast from a 
Tennessee perspective, before addressing the question of what shoutd oome next it rs my 
understanding mat the Oak Ridge National laboratory has several ongoing programs and new 
initiatives thai range from awareness projects to the direct invohwnent of students and teachers 
in research activities 

The Oak Ridge Associated Universities has received National Science Foundation funding 10 
support research participation. For the last four years ORAU has also administrated the Vrsiting 
Scientist Program of the Tennessee Academy of Science Upon request, these scientists grve 
talks and demonstrations in their areas of expertise before Junior high and high school science 
groups During tne 1987-S8 academic year there were 61 visits requested, of wfuch 45 were 
completed. One hundred and seventy scientists were on the roster that year This program has 
been an ongoing effort of the TAS tor over 1 5 years. I had the pleasure of directing this prog/am 
tor several years and can attest to the dedtaation and support of the program by scientists in 
Tennessee I should note that 23 of the 169 scientists tsted in the current roster are employed 
byORNL. 

The Junior Science and Humanities Symposium has been active for 24 consecutive years 
TNrty-frve schools now partidpale in this program directed by Dr. Paul Wshart. Professor 
Emeritus at UT-Knoxvifle. He reports a high level of coopera ti on between me U S An.iy 
Research Orece, ORAU, ORNt, and private industries 'mductng Union Carbide arxJ Martin 
Marietta Approximately 20 laboratories provide olrect and indirect assistance to students in their 
respective research projects 

Tennessee rs sJso actively Involved in the Regional Engineering and Science Fair program, the 
Science Olympiad, and a wide range of programs offered through the Center for Excellence in 
Science Education at UT-MartJn The Science Association of Tennessee and the Tennessee 
Environmental Education Assod'ffien are two viable organizations with active programs rn 
support of science education 

As President of the Tennessee Academy of Science. I am most famiiar with the educatonal 
programs of this organization which are flnanciafiy supported by the Tennessee Department of 
Education, the American Association tor the Advancement of Science, and the Alcoa 
Foundation. TAS has been in existence for 76 years and wifl hoid its 100th meeting on the UT- 
Chattanooga campus in 1990. This org anfrafl on has over 900 members representing the state s 
secondary schools, coeeges and universities, industrial scientists, and state and federal 
agencies. There are nine sections in the Academy, inciuolng botany, chemistry, engineering, 
math and computer science, meoWne and zooiogy. In add-on to the Visiting Scientist Program, 
the Academy puoashes a scientific journal, organizes annual scientific meetings, provides 
recognition to outstanding science teachers, participates In the American Association for the 
Advancement of Science, supports research by Tennessee's university students at the 
Academy's collegiate division, provides tor secondary school student research, and sponsors a 
junior academy of science The latter two programs have olrect bearing on the issue at hand 

Grant-in-aid for research is acMnistered through the Academy's research commrttee Ounng the 
1987-68 fiscal year, me Academy received sixteen applcattons requesting a total of $5,162 for 
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science projects from secondary school students The Academy made fourteen awards tn the 
•mount of $1354 Unda Com of Haywood Wgh School was awarded $i25to support here 
project en&led, "Removal of PoUitanff by Household Plants." She won three awards A the 1967 
international Science and Engineering Fair in San Juan She also won the frrst award at the 
Midwestern Research Jnstftute and received an honorable menSon from the Federal Aviation 
Administration This year this program wis have an operating budget ot $3,000, which includes 
$1 ,000 requested from AAAS 

The o /erali objectivt of TA$*s Tennefsee Junior Academy oi Science is to aid in promoting and 
encour^ng an Improved science instructional program In Tennessee high schools and to 
encourage more original scientific research by young students under the guidance and 
Instruction ol competent and inspired secondary teachers. The annual meeting of TJAS was nekd 
cm April 21 of this year at Pea/1 Conn Comprehensive High School in Nashville. A total oi twenty - 
three students went invited to present their research papers Forty-tour papers were submitted 
this year from eieven schools. 

I thin* you wfit agree that these efforts are impressive and represent a signrffcam attempt to 
improve the quality of pre-coSege science education. Before addressing the matter ol 
effectiveness, I would tike to note thai what I have described so far represents only a portion of the 
science education initiative in our region. Each ol the pubftc cofieges and universities in this area 
have ongoing pre-servtc* and in-service science education programs 



Envlronmental/Enorgy/ScJenc© Education Network 

Noteworthy are the efforts of some 13 colleges and universities wmch comprise the 
Environment*), Energy, and Science Education Network coordinated through the 
ErMronmenlaVEnergy Education Proo/am of the Tennessee VaBey Authority This Network is in 
fts ninth year of operation I serve as director of the center at UT Chattanooga. You witt be given a 
detailed account of the activities of the Network at another time in this hearing, but I would fcke to 
emphasize some of the special programs of our center from the standpoint of tdentiiying qualities 
ol such programs that assure their effectiveness ft is important that these quaBties be 
incorporated W o similar involvements by the N^onai Laboratories. 

AS the centers in the Network provide resources and services to the schools, teachers, and 
students to theft respective service areas. We are actively tnvorved in pre-service and in-service 
teacher education. Al play an active role in Involving teachers in the development of instructional 
products and curricula/ materials, and each Is involved in research focused on the development of 
some aspect of scientific or environment iteracy. Each of the centers is unique and is 
recognized for its special areas of expertise. For example, the centers and UT Chattanooga and 
Tennessee WreJeyan Cofiege work cooperatively In the area of the ape4ications of laserdisc 
technology to education TWC has stressed appfcattorts for cortege (evel science instruction and 
the UT Chattanooga Center focuses on pre-coliege applications. 

For any program to be elective there must be continuity, coorrjnation, and cooperation Our 
programs are administered through our respective universities and cooperatives but the programs 
and services we otter are erected to the Network. We function through mutuaSsm-shared 
responsibiSTy and shared recognition. Most imrx>rtantfy, the practitioners and students become 
involved in the activities of the centers They are not onty on the recervinn end of services, ihey 
are part of the overs! network and share in both the responsttfty and the • awards. 

By far the most recognized program administered through UT Chattanooga is the Student Water 
Quality Monitoring Network, now completing fts forth year or operaiton. ft is supported by TVA's 
Water Qua*ty Department through a contract to UTC and includes support from TVA s 
Envirorv^entai/Energy Education Program. Al the centers in the Network are involved in 
recruiting teachers and students into this program. Staff from the centers regu tarty participate in 
the training workshops and summer waler camps 
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The p/oc/am was begun in 1988 wtfh the dual objectives of ^ocyporating wafer mana^omeni 
cofwpts into the secondary school ovmcufcm and deveioping basic water quaSty data on small 
streams *nd takas tti the Tannest** vaSey The program has grow from a base of 10 teachers 
and 22 students in 188647 to « network of 30 teachers and 46 detent* involved in detailed field 
stutfes and soma 4000 students who participate in r^assroom and NoW activities associated with 
the pro-am 

Students and teachers attend two-day workshops tn tha earty fsi and receive both classroom 
instruction and fleJd fra^ng The workshops tncWe discussions in the differences m streams, 
takes, and resorvotrs. water quaSty managemtnt projmams developed In response to stale and 
federal water laws, the quaity of wider required for various water uses. conflicts associated with 
managing flow* through a system of reservoirs; and practical considerations in designing fie id 
studies Rett training tncfcdes ha is-on experience tn using a water qualty tesl kit provided 10 
p^rjdpa^ng teachers, invertebrate sampfing. and Wi co*ection techniques 

Upon returning to their schools, the teachers and students develop new InslnjctJonsl materials on 
water resources and incorporate the concepts teamed at the workshop into the existing 
ctfno&m. They ateo desiyn and conduct f ieW studes on tocaf streams or takes and prepare a 
report on these studes Papers and poster sessions are presented at water camp wMch is 
scheduled in earty summer where adoBonad torture and field instruction involve the concepts and 
sttSs teamed the previous tefl Teachers are also provided funding to present papers al 
professional meetings and conferences A yearbook wffl soon be added to the annual features of 
the program Last year a senior associate program was Instituted to ensure that the teachers in 
the network continue to contribute and grow professJonaiiy as a result ot their continued 
participation 

Numerous awards and scholarships have been received by WOMN teachers and students Two 
teachers have confided Hi me that they woukJ have quit the teaching profession had it not been 
tor this program This program is constetentfy reted as the most effective in-service program in 
which the participants nave been involved There are some obvious reasons why this is so First 
teachers are trea!ed as cofteaguss and professional There is a dose professtcnaJ and personal 
relationship between staff, teachers and students Indeed, we often trade rotes We teamlr.fi 
one another Teachers become students and students teachers The lines of communal ron a*j 
always open. Teachers and stirfenfs are free to (^professional water quality engme^s to 
dtecuss their field stucses or seek technical assistance The research conducted dv it»* ^udents 
and teachers relates to the real world, indeed the studies conducted contribute to iVAs 
database and serve to identify potenfcai problem areas AD aspects of the Net* >rk centers around 
a $6erx^ecnnoJogyrSodety focus. The program is relevant the parties .s are recognued tor 
their efforts, and the rewards are shared and memories cherished 

Wo are concerned with the personal growth of the indMduats involved The ' srfion to careers 
in the sciences, social sciences, mathematics, or engineering wi9 occur for many of the students 
involved. What is more important is mat they become screntmcaJry Bterate Sasnce tor as 
Awencans-Rrvjad 2061, a recent publication of AAAS states that, "a saenttitcatfy iterate person 
is one who is aware that science, mathematics, and technology are interdependent human 
enterprises with strengths and imitations. and uses scientific knowledge and scientific ways 
of thinking tor individual and social purposes * 



A reasonable question to ask is, with al this actfvtty. why are there so few students entenng the 
fields of science, math, and engineering? Part of the answer to this question is inherent in what i 
have presented above Note thai T AS received onfy 16 apptotkms last year tor ^secondary 
student research program and there were onfy 44 papers submitted to the Tennessee Junior 
Academy of Science from 1 1 schools That means that approximately 3 percent of the secondary 
schools in Tennessee participant tn the TJAS program ft is also interesting that when comparing 
notes with other project directors, we find that the same teachers seem to be involved in many ot 
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me programs Tnere are Incited a few select, highly motivated, productive, and effective scenes 
teachers m Tennessee, but many are disiraerested, dteaftectad. or disillusioned Whatever the 
reason, they are not involved and n&iher are tnetr students 

The practice of hmng coaches who. In turn, can teach ectence ts stft a common practice, although f 
wis hasten to note thai there are many exc*a*f* science teacher* wtio aiso coach There is often 
a pmocoupaSon with eewntabfitty and ma leaching ol basics which seldom includes more tnat a 
cursory coverage of science Prvp& 1061 notes that tha empnasis cm ectence instruct*^ is on 
the teaming of answers mora than on ma a*ptoratfon of questions, memory si ma expense of 
cnncaJ thought, tits and pieces of information instead of undaisianolngs in contort, recitation 
owanjunvnt raaolngmieuot do*ng Tnts account goes on to say that the present science and 
mamemafics curricula are overstuffed and unftrnevrtsnad TNs oontftJon is not trkefy to cnange 
unti ma governance of science education Is controlled by mat small percentage of iwotved 
teachers mentioned above 

I would a&o encourage a broader network than the TV A Network AJso research participation or 
coflaborative programs are not the exekrarve purview of me NaflonaJ laboratories For example, 
me research inta rests of the Tennessee Academy's ooflegtate members vary from tha pure 
research of Dr. Savundarara) of Vanderbti University, who s&itfes ion bombardment of surfaces, 
to the apc*ed work of R D Btevens and S V Char of East Tennessee State Urwersrty. who 
datermme ma mutagenicity of the active ingredients present in birth control piSs tn recent years, 
trends in the Job market have enabled our tnstrtutlons of higher teaming to recntf and mai nta*n 
rugtity quafcried teachers and researchers Most wouid welcome increased assodat ton with 
teachers and pre-coUege students. 

The National Laboratories should ptay a vttal role in such research participation programs but 
should restrict their involvement in other aspects of teacher education or pre -college instructional 
product o^topment to cooperative efforts with higher education tnstrtuttons 

Central to me problem of developing scientific Iteracy at an levels is the devetopment of effective 
elementary school science programs Little more thafctrtuiar support has been given to colleges 
and universities in recent years to develop more effective teacher education programs and to 
recruit and maintain adequate start The increased involvement of the National Labor atones m 
these areas unless dona cooperatively with higher education can only result m a difcrtfon of effort 
and a distortion of what realty needs to be done 

I know mat my remarks donoifu&y reflect the complexity of the dtemma facing us >n science 
education education today Nor have i expressed the perplexity I teet when trying to 
oorfYTLtntcate my views on the problem, i am a strong aoVocate of a soft path approach to most 
problems in education, i.e., a lot of smafl eftorts as opposed to a few larger ones Whatever we 
do, the persona) and DfofestionaJ growth of students and teachers rs central to our mason what 
we do not needasanore programs mat retted the defect point of view-there is something wrong 
with what science teachers are doing and we can sofve the problem That's the hard path 
approach ft has not worked rn the past nor wffl it work now 
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Ms. Lloyd. Thank you very much. Dr. Cox. 

STATEMENT OF DR. RONALD B. COX 

Dr. Cox. Thank you. I appreciate the opportunity to be here 
today and to share some ideas with you concerning not only pro- 
grams which are in existence, but some views that I hold, opinions 
which I hold regarding the critical nature of education within engi- 
neering and the science areas. I would like to share comments par- 
ticularly regarding engineering, engineering education and related 
research activities. 

First, in a broad sense, I believe it is generally agieed that our 
country is becoming more dependent upon technology. The facility 
with which we conceive ideas for new products and processes, and 
convert these ideas into real products and processes which compete 
effectively in world markets will be a major factor in our quality of 
life in the future In a sense, our survival depends upon our suc- 
cess. 

The combined activities of science and engineering He at the very 
heart of our Nations technological vitality. The skills important to 
technology management simply must be both cultivated and nur- 
tured if our Nation is to be secure and if it is to compete effectively 
with others in the commercial arena. 

To address these concerns. 1 believe that several things must 
occur: 

1. We must do a better job of exposing our young students to the 
world of engineering and science. 

2. We must do a better job of preparing students to solve prob- 
lems, to formulate problems and to apply analytical skills to their 
solution. 

'A. We must attract more students to the study of engineering and 
science. 

4. We must do a better job in engineering schools of introducing 
students to the integration and synthesizing of knowledge. 

f>. And we must do a better job as practitioners, as engineers, as 
manufacturers, of turning ideas into useful products and processes 
that will compete effectively in the marketplace. 

The list of things we might do could be much longer; however, I 
shall let this list suffice for our brief discussion today. 

Please allow me to comment briefly on some of these matters. 

In order to cultivate the skills we need, we must begin exposing 
students to the world of technology when they are in elementary 
school. To wait until they are students at the university is simply 
too late. This means that students should be given laboratory expe- 
riences as well as improved math and science courses. The natural 
curiosity of our young people must be enhanced by the educational 
experience, and the teachers, counselors and administrators must 
become keenly aware of what science and engineering involve, and 
they must work to develop the skills of problem solving and basic 
inquiry which are so important both to the study and to the prac- 
tice of engineering and science. 

By conquering the fear of engineering and science, both through 
confidence building and competence building in the early years of 
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our schooling of our young people, I believe that we will see enroll- 
ments increase and the success rates of our students improve. 

On the university level, we can be proud of our accomplishments 
in at least one area, in the area of generating new concepts and 
id^as. I believe that most people would agree that the research 
done in our universities is the best in the world. As a Nation, we 
have had problems though in our ability to convert and tn conysn 
quickly these ideas into useful products and processes. I believe 
there are many reasons for this. Among these are the inadequate 
flow of information from the laboratories to the producers, short 
time horizons imposed by investors, tax policies which may inhibit 
investment in development and too little emphasis in engineering 
schools on the process of converting ideas to products and process- 
es. 

Let me comment on the latter topic first. All engineering schools 
emphasize the development of analytical skills, among many other 
skills. Als*% all engineering schools teach basic design to engineer- 
ing students. However, few schools do a good job of preparing engi- 
neering students to synthesize and to integrate information which 
most often cuts across many disciplines. I believe that more empha- 
sis needs to be given to this matter. Fortunately, if I may brag on 
our engineering program at UT-Chattanooga, I think we are at 
least on the right track in our engineering school. We emphasize 
interdisciplinary design projects which allow students to work in 
teams to address comprehensive problems. In this way, students 
learn to manage large-scale projects, to work effectively with 
others, to manage resources, to design and test systems and sub- 
systems, and to make timely decisions. These are important skills 
to cultivate. In my opinion, however, there should be funds made 
available to schools who approach engineering education in this 
way. There needs to be a funding agency that will address this crit- 
ical need among our engineering students. 

If I might digress just a moment from the prepared comments, I 
would say that there is in essence a two-tiered funding system 
among engineering schools across the Nation. One tier has to do 
with the large research universities, comprehensive research insti- 
tutions, which are largely funded by government agencies and 
many industries, The other group, the group which provides at 
least one half of our engineering graduates in this country, are not 
comprehensive research institutions. They receive very little Feder- 
al funding. However, they are still producing about half of the 
graduates that move into our companies, into our industries and 
into our Federal agencies. There must be attention given to those 
areas that can provide satisfactory experience to the half of our 
total 70,000 plus engineering graduates per year, to give them ex- 
periences in areas which involve up to date and modern laboratory 
equipment, which expose them to state of the art research develop- 
ments and which bring them to the contact point, if you will, with 
people who are engaged in important technological developments 
in tnis country. Without this attention, I am afraid that this some 
35,00') plus engineering students per year will enter the work force 
without the necessary skills to address the problems that they 
must face. 
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An extremely important element to the enhancement of engi- 
neering and science education is the opportunity to work with na- 
tional laboratories. These enhancements come in many forms and 
include at least these: 

1. The possibility of direct research funding by the agency to a 
university, allowing students to engage in important research work 
and to work with people who are at the cutting edge. 

2. Collaborative discussions between folks in the laboratories, en- 
gineering and science faculty members and students. These discus- 
sions of course bring out important technological issues, they bring 
out ways of addressing these issues and the technology that is 
brought to bear on problems that must be dealt with if we are to 
remain competitive in this country. 

3. Research engineers and scientists come together to speak to 
student groups. That is, visitation to the universities and colleges 
around the state and around the country, sharing with them those 
issues that are important to the laboratories and discussing ways 
in which those issues are being addressed. 

4. Additionally, agencies may employ students, these students 
may be engineering students or they may be science students or 
others. One common way of doing that is through cooperative edu- 
cational programs. These programs are excellent avenues for pro- 
viding experience to students and providing trained talent for the 
industries and agencies for whom they work. 

5. Also there may be agreements wit^ n agency which will pro- 
vide agency laboratory equipment. Specialty equipment which 
could not be afforded by universities and colleges can be made 
available to faculty members and students on a variety of bases 
which may allow then critical work to be done at a university 
which would not otherwise be done, simply because of lack of nec- 
essary equipment. 

ft. Also there may be sharing of discoveries. These discoveries 
may very well lead to the commercialization of products and proc- 
esses. There must be ways to improve the sharing of this informa- 
tion, information of course which is not critical to the security of 
the nation but information which may very well inspire some 
group or some individual to develop and important product or proc- 
ess which can be commercialized, leading to the formation of a 
company and to the employment of many people. 

We feel fortunate at the University of Tennessee at Chattanooga 
to have had an excellent working relationship with the Tennessee 
Valley Authority, the Oak Ridge National Laboratory and NASA, 
and we look forward to the continued development of partnerships 
with these and other agencies as we move forward into the future. 
All of the items which I have elaborated a moment ago have been 
cultivated through these kind of relationships with these organiza- 
tions. And 1 may add they have reached hundreds of people and we 
feel fortunate to have been a participant in these partnership rela- 
tionships. 

Our Nation has a wealth of talent, this talent is found among 
teachers, engineers, scientists, students and people in all walks of 
life. Our challenge is not simply to find talent, the talent is there; 
the challenge is to manage our resources as eitectively as possible. 
But to do this will require considerable cooperation, considerable 
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coordination and doing things in ways that we have not been doing 
them before. 

I think we can do that and I thank you for being in Chattanooga 
today and for expressing interest in these important matters sur- 
rounding technology development and application. 

Thank you. 

[The prepared statement of Dr. Cox follows:] 
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Comments to the Surxoniniifiec.Qn 
Fngrgv Research and Development 
Submitted by Ronald B. Cox 

My name is Ronald B. Cov I am dean of the School of Engineering at The 
University of Tennessee at Chattanooga. 

I appreciate the opportunity to appear before the Subcommittee on Energy Research 
and Development and to share some views with you regarding engineering, engineering 
education, and related research activities. 

First, in a broad sense, I believe it is generally agreed that our country is becoming 
more dependent upon technology. The facility with which we conceive ideas for new 
products and processes, and convert these ideas into real products and processes which 
compete effectively in world markets will be a major factor in our quality of life in the 
future. 

The combined activities of science and engineering lie at the heart of our nation's 
technological vitality. The skills important to technology management simply must be both 
cultivated and nurtured if our nation is to be secure and if it is to compete effectively with 
others in the commercial arena. 

To address these concerns, 1 believe that several things must occur 

1 . We must do a better job of exposing our young students to the world of 
engineering and science, ^ 

2 . We must do a better job of preparing students to solve problems - to 
formulate problems and to apply analytical skills to their solution, 

3. We must attract more students to the study of engineering and science, 

4 We must do a better job, in engineering schools, of introducing students 
to the integration and synthesizing of knowledge, and 
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5 . Wc must do a better job, as practitioners, of turning ideas into useful 
products ami processes that will compete effectively in the marketplace. 
The list of things we might do could be much longer, however, I shall let this list suffice 
for our brief discussion today. 

Please allow me to comment briefly on some of these matters. 

In order to cultivate the skills needed, we must begin exposing students to the 
world of technology when they are in elementary school. This means that students should 
be given laboratory experiences as well as improved mathematics and bask science 
courses. The natural curiosity of our young people must be enhanced by the educational 
experience, and the teachers, counselors, and administrators must become keenly aware of 
what science and engineering involve, and they must work to develop the skills of problem 
solving and basic inquiry which are so important both to the study and practice of 
engineering and science. 

By conquering the fear of engineering and science both through confidence building 
and competence building exercises in the early school years, ! believe that enrollments will 
increase and that success rates will improve. 

On the university level, we can be proud of our accomplishments in generating new 
concepts and ideas. I believe that most people would agree that the research done in our 
universities is the best in the world. As a nation, we have had problems, though, in our 
ability to convert (quickly) these ideas into use "ul products and processes. I believe that 
there are many reasons for this. Among these are the inadequate flow of information from 
the laboratories to producers, short-term rime horizons imposed by investors, tax policies 
which may inhibit investment in development and too little emphasis in engineering schools 
on the process of converting ideas to products and processes. 

Let me comment on the latter topic first All engineering schools emphasize the 
development of analytical ikills (among other things). Also, engineering schools teach 
basic design to engineering students; however, few schools do a good job of preparing 



297 



engineering students to synthesize and integrate information which most often cuts across 
many disciplines. I believe that more emphasis needs to be given to this matter. 
Fortunately, if I may brag on the engineering design program at The University of 
Tennessee at Chattanooga, I think we are on the right track in our engineering school. We 
emphasise interdisciplinary design projects which allow students to work in teams to 
address comprehensive problems. In this way, students learn to manage large-scale 
projects, to work effectively with others, K> manage resources, to design and test systems 
and sub-systems, and to make timely decisions. These arc important skills to cultivate. In 
my opinion, there should be funds made available to schools to develop this approach to 
engineering education. 

An extremely important element to the enhancement of engineering and science 
education is the opportunity to work with national laboratories. These enhancements come 
in many forms and include: 

1 . direct research funding by the agency, 

2 . collaborative discussions on important technological issues, 

3 . research engineers and scientists speaking to student groups, 

4. agencies employing cooperative engineering students (or co-op students 
in general), 

5 . agreements with an agency to use selected laboratory equipment, and 

6. sharing of discoveries which may lead to the commercialization of 
products or processes. 

We are fortunate at The University of Tennessee at Chattanooga to have an excellent 
working relationship with the Tennessee Valley Authority, the Oak Ridge National 
Laboratory, and NASA and we look forward to developing partnerships with these 
agencies, and others, which will be beneficial to all groups. 
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Our nation has a wealth of talent among our people - teachers, engineers, scientists, 
students, and others. Our challenge is to manage our resources as effectively as possible. 
This will require considerable cooperation and coordination. 

Finally, let mc thank you for being in Chattanooga today and fox expressing interest 
in these important matters surrounding technology development and application. 
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Ms. Lloyd. Thank you very much, Ron, Dr. Benson. I want to go 
back to one of your opening statements, Dr. Benson, when you 
were referring to the visiting scientist program. You are a visiting 
scientist. You said there were 66 requests for visits and 45 were 
completed and most of the scientists were from the Oak Ridge Na- 
tional Laboratory, is that correct? 

Dr. Benson. There are 169 scientists listed on the roster. 

Ms. Lloyd. All right. 

Dr. Benson. Of the 169, 1 believe about 28 are employed as scien- 
tists at Oak Ridge National Laboratory. 

Ms. Lloyd. Pardon me, I missed— I wanted to get that correct for 
the record. 

Dr. Benson. Bv far the largest share of scientists represent 
public and private universities in the state. This has been an ongo- 
ing program. I directed it for several years and it was also directed 
by Dr. Wishert at Knoxville. I would say that it has been oper- 
ational continuously for the last 15 years or better. 

Ms. Lloyd. Well, certainly we need to expand on this program 
and make it certainly a more productive program. Why did we 
have 45 completed visits and 66 requests for visits? 

Dr. Benson. A lot of times it is logistically impossible to honor a 
request, a scientist might have a prior commitment or another 
commitment, the school requesting the visit possibly does not have 
an alternate, they want one person and if that person cannot come, 
they do not want anyone else. My concern with the program, and I 
do not know the answer, is why is it not utilized more than it is. It 
certainly represents a wealth of expertise. 

Ms. Lloyd. To me, there is a wealth of talent there. We were 
talking in the hearings this morning about most of our elementary 
teachers, where we really need to be emphasizing the importance 
and training more minds, and certainly developing the inquisitive 
mind, that most of the teachers in this area are not qualified sci- 
ence teachers in many areas. Certainly we need more visiting 
teacher programs, visiting scientist programs and taking the 
wealth of talent at our national laboratories, for instance, in the 
VCRs that come in the area, and train through this method. But 
we do know that the schools cannot raise the scientific literacy of 
this Nation alone, it is going to take our combined efforts to make 
this a reality. 

Dr. Benson. I think you can classify efforts based on the poten- 
tial they have, and a program like the visiting scientist program is 
probably at the lowest level of effectiveness because it deals exclu- 
sively with awareness. It might excite students, it might develop a 
sense of breadth about the context of what a particular person is 
doing in the sciences, but it is purely at the awareness level. You 
are there for a day and you may never return. And it may have 
lasting impact, hopefully it will, on some students, it may make an 
impression, but programs like that should be viewed in perspective 
in terms of what potential they have. 

Programs that I think have a much greater effectiveness are 
those that deal with the effective qualities of the teacher, especially 
as a professional. One thing we do in the water quality network is 
provide funds for teachers to participate in professional meetings. 
They present the results of their research and their curriculum de- 
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velopment projects at professional meetings. These meetings mav 
be science teacher meetings or they may be science meetings deal- 
ing with water quality, like the national association dealing with 
water quality research. And that— over a long period of time, 
teachers involved in programs like that, realize that they are pro- 
fessional because they are treated professionally. I have had two 
teachers, I mentioned in my testimony, that have confided in me 
that had it not been for that program, they would no longer be in 
the teaching profession. Typically school systems do not provide 
the kinds of resources needed to involve teachers in that kind of 
extended professionalism. 

Ms. Lloyd. One of the questions we asked the morning panel, if 
you had more money to put in science education, where would you 
put it, and I think the general consensus is that they would spend 
it on enhancing the quality of education for our teachers. Would 
you agree or would you put it in the elementary level? 

Dr. Benson. Well, let us look at it a little differently. I would 
look at it in terms of organizationally where the money would be 
put and I think organizationally it should be primarily placed in 
organizations that are governed by teachers. Effective teacher gov- 
ernance is the key to effective education. There are very effective 
teachers in this country who are teaching science. Typically they 
have very little voice in what goes on. So I would look at organiza- 
tions like the Science Association of Tennessee or the National Sci- 
ence Teachers Association or the other organizations I mentioned, 
and I would focus initially efforts in those areas, And the other 
spin-off of that is that these are much more cost-effective because 
thev are operated primarily by teachers as a professional activity, 
and they would be much more cost effective than putting signifi- 
cant amounts of money into very large bureaucracies. 

My point in stating that I believe in programs that are soft path 
related as opposed to hard path is that several smaller efforts— we 
need a lot of windmills out there dealing with— promoting the 
quality education, and teachers that are effective are the ones that 



made by people who do not have the expertise to make them. 

Ms. Lloyd. We are approaching this though as a national policy 
to heighten awareness of the importance of science and engineer- 
ing and that science is to be considered a basic skill. In that direc- 
tion, that it does have to have the Federal involvement, that we do 
establish this as a priority and work to create the scientists and en- 
gineers we need not only in the workplace but for the defense es- 
tablishment as well, it seems to me we do need greater collabora- 
tion with the labs and universities. 

Dr. Benson. May I look at this issue from a different perspec- 
tive? We— even I think at the heyday of NSF involvement in pre- 
college teacher education, the level of effectiveness was relatively 
low, because at that point — I mentioned the defect point of view, 
and incidentally programs in that era were based on this defect 
point of view, that people involved in higher education and scien- 
tists thought they knew how to train teachers. 

But I think what we have never really done is address the needs 
of students who are extremely capable but simply are not school 
smart. We focus on programs that emphasize the analytical aspects 




Often educational decisions are 



ERIC 




301 



of learning rather than on motivational aspects, rather than on 
common sense applications, or rather than on the dynamic ap- 
proaches to self-learning that many students are capable of doing if 
given the direction and initiative. That the focus on over-stuffed 
and under-nourished can relate to many aspects of education. We 
are doing an awful lot of things, but I am not sure if we are doing 
the right things. And my question to your Subcommittee is what 
constitutes doing the right things. And I think part of the answer 
to that is involving more teachers in the d?cision-making process. 
You know, the important people here I think are the ones that are 
going to present testimony last, because they are the ones that 
nave credibility and they are the ones that will serve as the leader- 
ship for directing science education in the future. 

Ms. Lloyd. Your point is well taken. As I said earlier, we are not 
here to put down the education establishment. We are here to see 
what we can do to help. 

Dr. Benson. I am not either because I am part of that establish- 
ment, and I think I have always 

Ms. Lloyd. I wanted to make that very clear. 

Dr. Benson. I understand. 

Ms. Lloyd. That is not our role today. We want to see what we 
can do to enhance science and engineering and education because 
we cannot afford mistakes. The wealth of our country, the security 
of our country depends on the decisions we will make when we 
know that our scientists and engineers for the next decade are in 
your schools today or in elementary schools. 

Dr. Benson. There were two dates mentioned this morning, 1957 
was one, the Sputnik era, and then again in 1965 and the mention 
of a resurgence of interest in science education today, and I think 
that phenomena, that cyclic nature of interest, is part of the prob- 
lem. And I do not think we can eliminate the cyclic nature of inter- 
rat, but 1 think we can increase the ihreshold level. I think we can 
increase the base of support so that we do not have such serious, 
serious discrepancies in quality. If we can maintain a higher base 
of support, then I think part of the problem will be solved. But I 
think the other aspect really is dealing with approaches to learning 
that go beyond analytical aspects. An J the problem— most people 
with science backgrounds have a tendency to be analytical. So if 
vou ask primarily scientists what are needed in education, typical- 
ly they will say more cience. And I think if you ask teachers, they 
will say something else. It is not the amount of science that is im- 
portant, it is the relevance of that science in the context of what 
students need to address real world problems. Science, technology 
and society based problems. 

Ms. Lloyd. Your testimony is certainly valuable and we certainly 
appreciate your input. I am using too much of the time I am afraia, 
but your insight is so great I went on a little bit past my time. 

Dr. Cox, you referred to interaction between the Oak Ridge Na- 
tional Laboratory and UTC. I would like for you to elaborate a 
little bit on the interaction, what you see as— what we could do 
that we are not doing, where do you think we are going. 

Dr. Cox. I did mention the interaction between uTC and the Oak 
Ridge National Laboratory. I should also mention, which I did 
mention very briefly, interaction between UTC and TV A as well as 
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between UTC and NASA. If I could lump all of those together, it 
might make my answer a bit easier. 

That interaction has been extremely beneficial to the develop- 
ment of the engineering school at the university. And it comes in 
several ways. One, if I might just take a hypothetical path and 
trace through it very quickly, if there is a project that is of inter- 
est, let us say, to the Oak Ridge Laboratory or to TVA, it may be 
an energy technology, it may be ways that coal might be burned 
more effectively. The identification of that problem and then the 
collaboration among those at the agency and faculty at the Univer- 
sity normally results in a project being funded. That project then is 
undertaken as a study which may cover six months, it may take 
two years. In the process of that investigation, the faculty members 
develop an area of expertise beyond where they were at the time 
that project started, typically. In addition, there may be three or 
half a dozen students who become involved with that project. With- 
out such funding, you would not involved those students in those 
kinds of activities/so you are stimulating the interest of students 
in important technological problems and progress through that 
interaction. In addition, there may very well have been equipment 
purchased in the course of that study. That equipment now is used 
in that laboratory, which aids not only in that particular investiga- 
tion, but also may be used in classroom exercises So it enhances 
the laboratory for use by every student in the University that 
might come in contact with a course requiring that laboratory. 

The very fact that you have the expertise developed among the 
faculty and the students leads to discussion with other students, 
perhaps those who are considering coming to the institution, who 
may be wondering whether or not they are interested in studying 
engineering or not. Because of that project you may enhance and 
enlighten and attract new students to the University, who might 
not have otherwise chosen engineering as a program of study. So 
the process then becomes repeated. And the more of that kind of 
interaction you have between the laboratories and the universities, 
the greater the enhancement for those opportunities to improve 
the understanding of faculty members toward the technology, to 
enhance the experiences of students involved and to attract new 
students. 

Ms. Lloyd. I think you were present at a meeting I had recently 
of the community leaders from Oak Ridge and Chattanooga, and 
one of my goals is to create a greater— foster a greater relationship 
between the two communities. What can we do— offhand, what 
would you suggest primarily, to create greater interaction, not only 
for education but for economic opportunity? 

Dr. Cox. There needs to be focal points on both sides. There 
needs to be a point of contact at the University and a point of con- 
tact at the Laboratory, which will enhance the flow of information 
back and forth between the two. That is one thing. In addition, if 
there are opportunities for funding of certain type projects, and I 
would like to fold that into a comment 1 made earlier, if it happens 
to be an institution which is referred to as a non-research institu- 
tion or a non-comprehensive institution, there needs to be consider- 
ation given to the capability of faculty members that exist in that 
institution to conduct research, and important research. For them 
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to do that though, they must have reasonable access to equipment, 
either access to or equipment in the laboratory. So equipment 
mi^ht be purchased through grants or there might be a sharing re- 
lationship between a university and a national laboratory, wnich 
will allow faculty members to use equipment at the site of the na- 
tional laboratory. That enhances research opportunities. Those 
kinds of things would help. 

Ms. Lix)vd. Thank you very much. Mr. SchifT, I apologize for 
taking too much of the time this morning. I will give you equal op- 
portunity. 

Mr. Schiff. Actually, Madam Chair, since these are your con- 
stituents and your district and you know them quite well, I certain- 
ly do not begrudge the time. Actually I have just one question to 
ask. I have to first say, gentlemen, I apologize for coming in late 
during your testimony, but I did receive copies of your prepared 
statement before and did look at them, I want you to know that. 

There is actually — in view of Mrs. Lloyd s questions, I have just 
one question. Dr. Cox, you mentioned all of Oak Ridge National 
Laboratory, Tennessee Valley Authority and NASA in terms of 
working with the University of Tennessee. There are two ways, 
however, of working together. One way can be where these various 
Federal facilities basically say within our own limitations, within 
funding within our own primary duties we will help you all we can, 
whether it is providing utilization of personnel or providing use of 
our facilities or surplus equipment or whatever. And then there is 
the mentality of well we will do what we absolutely have to do, 
kicking and screaming, bu* we really do not want to be bothered. 

In your estimation, has the association with the Federal facilities 
you have mentioned, has it been on the former, has the cooperation 
been forthcoming, has it been in your opinion genuine and really 
interested or has it been we would really rather not be bothered, 
we will do just what we have to do. Naturally, I hope it is the 
former, but I am asking your opinion. 

Dr. Cox. Well, I think it is the former. We have had excellent 
success in working, particularly with the Tennessee Valley Author- 
ity over the years. And one reason for that is we happen to be in 
the same city, we happen to have faculty members who are former 
TVA employees and we have had a good relationship for a long 
period of time. That has provided access to people who are engaged 
in managing projects and access to people who are willing to share 
with us information that may lead to funded research opportuni- 
ties. 

It is not always easy, however. There are many occasions I guess 
to which I could point which have been disappointments, so it is 
not a perfect path to getting what you might think you would like 
to do, but it certainly has teen one which has enhanced our educa- 
tional experience for students here in the Chattanooga area. 

Mr. Schiff. Dr. Benson, do you desire to add anything to that 
question? 

Dr. Benson. I guess I have one admonition in that the focus— if 
you are an engineer, the focus can be on doing things that attract 
Federal dollars. If you deal with some very insignificant microbe 
that has little applied value, the struggle for dollars to promote 
your research might be a lot more difficult. We talked about the 
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involvement of students in research and the involvement of teach- 
ers in research, and I think that is a vital part of any science 
teacher or scientist s experience in their formative stages, in the 
development of their programs, and what I think, I hope the Sub- 
committee does not overlook is the very broad based scientific man- 

Ewer base in the smaller colleges and universities and junior col- 
jes. I know in Tennessee there are— I know one person at Jack- 
son State Community College who does work at the national lab in 
the summer, and he is involved in a very interesting project. But 
teachers or professors or researchers in the smaller colleges and 
universities can certainly work effectively with students and with 
teachers. In some cases the kinds of things they are doing may be 
better examples of what research is than some of the more sophis- 
ticated and elaborate programs that may be available at the na- 
tional labs or at our larger universities. 

So my only comment is that I think because of the situation that 
has existed in the past decade or so, we have been able to recruit 
and maintain in smaller colleges and universities, a very high cali- 
ber science personnel and they only need opportunities and some 
resources to do a more effective job. 

Mr. Schiff. Well, I am going to take the liberty of reiterating a 
short speech from the last panel, and that is that I would not be- 
grudge a Federal institution their primary goal, we assign them 
certain tasks, whatever those tasks might be. At Sandia National 
Laboratory in my district, frankly that task is primarily a partici- 
pant in the nuclear weapons program, 90 percent— weapons total, 
not only nuclear, is 90 percent of what they do. But I have a very 
strong feeling that we are all in this together and that that atti- 
tude should be manifest so that if there is a contribution that can 
be made from a federally funded institution, whether it is NASA or 
TVA or Oak Ridge National Laboratory or Sandia National Labo- 
ratory, to the educational process, as just one example, especially 
located in the same cities, I would hope that they would do every- 
thing possible and feasible to make that contribution. I know it 
sounds trite but I believe we are all paid by *he same taxpayers to 
do the same job and there should not be brick wall mentality be- 
tween well I am a national lab and you are a university. As I said, 
1 think we are all in this together. 
Thank you, gentlemen. Tnank you, Madam Chair, 
Ms. Lloyd. Thank you very much, Mr. Schiff. We thank you for 
your testimony and we will be submitting additional questions in 
writing for your answer which will also be made a part of the 
record. Thank you very much, gentlemen, for being a witness today 
and for your excellent testimony. 

Our next panel will focus on preco liege education. Our first wit- 
ness on this panel is Ms. Vivian Brown, who is a science teacher at 
Model High School in Rome, Georgia. She is a participant in DOEs 

Srogram for teachers. Then we are going to hear from Robert 
ogers, currently with the Hamilton County Department of Educa- 
tion, a former math and science teacher; followed by Geraldine 
Farmer, a science consultant with the State of Tennessee Depart- 
ment of Education. 

Ms. Brown, we are very interested in your experience as a partic- 
ipant in this program and if you will begin and then we will hear 
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from Mr. Rogers and Ms. Farmer. Welcome, and ^gain I will have 
to ask you to limit your oral testimony to about ten minutes so we 
can have time to get into some questions. But your entire state- 
ments will be made a part of this hearing 

Panel 4 

STATEMENTS OF VIVIAN P. BROWN, SCIENCE TEACHER, MODEL 
HIGH SCHOOL, ROME. GA; ROBERT ROGERS, HAMILTON 
COUNTY DEPARTMENT OF EDUCATION AND GERALDINE 
FARMER, SCIENCE CONSULTANT WITH STATE OF TENNESSEE 
DEPARTMENT OF EDUCATION 

Ms. Brown. Thank you. I have participated in several of the pro- 
grams that have been mentioned here today. 

Ms. Lloyd. I think you need to put the microphone a little closer 
to you. 

Ms. Brown, And have found several of them extremely helpful. I 
participated in 1987 in the Science Teacher Research Involvement 
for Vital Education, the STRIVE program at Oak Ridge. And have 
found several different ways to make that really useful in my class- 
room as well as sharing it with other teachers in several different 
programs. There have been a couple of ways that I would like to 
see that program changed slightly, but only slightly. One of those 
is to make the announcements of it a little bit broader. In present- 
ing it to the Georgia Leadership Conference, the science teachers 
there, I found that many of the schools had never heard of the pro- 
gram at all, and even though it is aimed primarily at Tennessee 
teachers, it is open to other states as well and I believe it can be 
shared very effectively in other school systems too. 

Even when I wrote and asked for their application forms, it still 
says "Tennessee teacher M , and so I felt very strongly that maybe I 
was not even supposed to apply. 

Ms. Lloyd. Well we still feel we own part of Georgia, so that is 
all right. [Laughter.] 

Mr. ScHirr. They say the same thing about you. 

Ms. Brown. Several of the other programs i' .at have been men- 
tioned here today, I have not had any distribution of materials or 
information on, and feel very strongly that perhaps that is one of 
the big weaknesses, that the programs really are not— the an- 
nouncements are not getting out to all of the teachers. And so that 
is another one of the big things that I would like to see us change. 

There are several different ways that I feel like the national labs 
could be used more effectively for encouraging our best students to 
pursue science career research. 

One of them is to host a science teacher research conference at 
each or the national labs, and perhaps invite even more distant 
teachers than just the individual State or right around the commu- 
nity where thev are working, because it certainly gives a new look 
at how research is going on. A combination perhaps of tour demon- 
strations or lectures or hands-on experiences and informal sharing 
might encourage them then to bring back to the labs their very 
best high school students, or even junior high school students, and 
perhaps have a similar sort of th : .ng for the student groups as well, 
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where the students perhaps would be allowed a few really hands-on . 
experiences during that interval of time. 

One of the things that I have done in the past was to be an Oak 
Ridge traveling science teacher for the State of Georgia. That has 
been a good many years ago, but I found it to be a very effective 
way of sharing. We carried a good bit of information as well as a 
lot of equipment that was not available in the local schools and we 
would stay in the school for a week at a time and give lecture dem- 
onstrations to the individual classes and to the whole student body. 
I still real strongly remember how interested and involved the stu- 
dents became with things that they would not have had an oppor- 
tunity to have seen. These were sharing the things going on in the 
national late at that time. 

Georgia has the Science Teacher Leadership Conference that at- 
tracts a very large number of our very best teachers statewide, 
from elementary all the way through college teaching. And I be- 
lieve that if the national labs could send a great many of their very 
best speakers and share some of the information there, that that 
too might be a way of getting additional information to the science 
teachers, because I find that Science Leadership Conference to be a 
real spark that just enlightens my teaching, it just adds a great 
deal of enthusiasm and a way of sharing a great deal more than we 
can get at other times. Somehow when you are in your own little 
school, you sort of lose track of what is going on in research, even 
though you have been involved for awhile at one point, you sort of 
get lost. And so you do need some revitalization and to know a 
little bit better about what is going on. So I think that would be an 
excellent opportunity to share with some of the science teachers. 

We also, while I was at Oak Ridge, saw a very large number of 
very excellent presentations that many of the researchers did. Per- 
haps videotapes might be able to be shared where the professors 
are too far away, in schools that just the distance makes it almost 
impossible to invite the person there. That could also include some 
of the research materials in the video, so that they would be able 
to share that way. 

1 suppose if I were asking for one thing most, it would be equip- 
ment and money for repairs of the present equipment though, and 
even some of the equipment that perhaps is discarded in govern- 
ment offices, researchers, or anything else of that sort. For in- 
stance, I have bought discarded equipment and used in my high 
school laboratory a number of different times. It seems to me that 
perhaps when it becomes outmoded in the national laboratories, 
that perhaps it could be passed along to the high schools and 
maybe even middle school equipment too. 

I suppose if I could have one other specific request, it would of 
course involve money, as it usually does, but science aids in our 
high schools and middle schools or some other kind of coordination 
of equipment and materials so that the sharing of expertise and 
equipment and materials could also be accomplished. 

In the school where I teach presently, we are just so badly over- 
crowded and have so little space and equipment that you just see 
the tremendous need. It is no wonder that w? are not doing any 
better job than we are doing, I think. 
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There are some other kinds of things that I would perhaps sug- 
gest. One might be a traveling actual laboratory that was designed 
and brought into a particular school system and bring some stu- 
dents in, so that we actually had some equipment and materials 
that perhaps are just entirely too expensive, but many of our stu- 
dents really need to get turned on at very early ages I think, I 
think we are losing them even before we get to the high school too 
often. I have grandchildren now and I find them just enthusiastic 
and as a former fourth grade teacher, I found fourth graders just 
eager and ready, but somehow by the time they g:t to high school, 
much of that enthusiasm has already been turned off. And so I 
think that to focus down at lower levels even is extremely impor- 
tant, and I thiwk that too often we wait and hope that they will get 
there, to the college level. But this is a part of what is wrong with 
our program, that we need to maintain and encourage that enthu- 
siasm early. 

Another consideration might be given to extra training and ex- 
pertise during the training of actual teacher training. One of the 
things that we did as a traveling science teacher was to work with 
the teachers in training during the summer and also during in- 
service days in the schools. So I think to promote— you have the 
Tennessee traveling scientists available, but to encourage some of 
those perhaps to be available to other States or to other— in other 
areas, might be helpful too. One of the things that I find too is that 
when we have the young people with the natural curiosity and in- 
terest and all the rest, again to know exactly how to encourage 
them to go on and to find special uses for what I think is ways that 
maybe the national labs can be even more useful. 

[The prepared statement of Ms. Brown follows:] 
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TESTIMONY OF VIVIAN PRENTICE BROWN 
A Science Teacher at Model High School 
Rome, Georgia 

: 1 « 

I have taught 4th grade* 7th grade, high school . and college, % 
science classes for more than 30 years. I started Georgia Junior 
Academy of Science Clubs in several Floyd County Schools, served as an 
area coordinator for science fairs, and served as State Director for 
Georgia Junior Academy of Science. I also served as an Oak Ridge 
Traveling Science Teacher for the State of Georgia. 

During the summer of 1987 I participated in the Science Teacher 
Research Involvement for Vital Education (STRIVE) program at the Oak 
Ridge National Laboratory. I found the STRIVE program to toe excellent 
and one that enriched my science teaching. 

I have used these experiences to develop a field ecology 
laboratory experience which I use in my biology and ecology classes. 
1 also find that class discussions In physical science give many 
opportunities to share information and experiences from Oak Ridge. 

1 have also shared these experiences with local science teachers 
and with district science teachers state wide this winter at the? 
Georgia Science Leadership Conference. 

I found the STRIVE program to be so helpful that 1 have applied 
again and have been accepted at the Savannah River project for this 
summer . 

I would like to see the STRIVE program made available for more 
teachers. There are two minor changes in the program I believe would 
be helpful. The application form for the STRIVE program needs to be 
changed so that it says It is open to teachers other than in the state 
of Tennessee. One other improvement I would suggest Is to make 
available-- at least on a loan basls--the slides, videos, or other 
visual aids used Dy the science teachers to share their experiences 
with the otr>er STRIVE teachers. This would make the sharing of these 
experiences much more interest ino for students. 
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A tew other suggestions tor ways the National tabs cog Id be used 
more effectively to interest ana encourage more of our best students 
to pursue scientific research as a 
career fonov: 

Host a science Teacher Research conference at each of the 
National Laboratories. Invite one or a few elementary, middle school, 
and hjgn school teachers from each school district to come to the 
National Lab for a few days or a week . There* a combination of tour 
demonstrations, lectures, hands-on experiences, and informal sharing 
time mlpju encourage* them to later bring their most Interested 
students back and to share with other teachers back home the research 
going on. 

This might be followed by a conference for students and teachers. 
This could involve tour-demonstrations and as much as possible 
hands-on experiences in small groups In several labs there. Ideally 
students would be allowed to choose the areas that interested them 
moat from a description of work In progress given by the researchers. 

Traveling science teachers or traveling laboratories might also 
be used. When I did this we went by invitation to a school and stayed 
usually for a week. We gave lecture demonstrations to science classes 
and usually also an assembly program to the vhole school. I still 
remember the excitement of many students as they crowded around to see 
more ano ask questions after the demonstrations. 

1 oofrt know how many other states have a Science Teacher 
Leadership Conference such as Georgia has, but that would also be an 
excellent place to share the research going on, Mlanta. Georgia, 
wilt be hosting the National Science Teachers Conference next year. 
This would also be an Ideal audience for some of the scientists to 
share their research with. I heard many excellent presentations while 
1 was at oak Ridge. The best of these could also be vldeo-taPed to be 
used in schools too far away to make visits feasible. 

Equipment grants to schools or grants to systems for equipment to 
be shared by all schools would really be helpful. A science 
department aide for each school would also be a tremendous way to 
help. 

Frustrating of science teaching are primarily Jack of money for 
adequate equipment and repairs. Facilities ana space are also a 
serious limiting factor. Time to 3et up and put up equipment and the 
tremenaous increase in paper work also add to the problem. 

To help you understand, let me describe my own situation. Our 
school i g Oa»"Jfy nvercrowrtm with very Inadequate hnwiVn y 
facilities. Almost haJf of my lart stations do not h»*vp rwnnjnn v.jtpj 
or Qan out } el n. 
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The 8th graae science teacher has no laboratory space at a!) 
available to her and two other high school science teachers must float 
from room to room- In addition to the hardship this places on the 
floating teacher, it means that labs cannot be set up or put awav 
during planning time. 

We also need badly a central storage area because the equipment 
that 1 must use. tor example, is stored in four different classrooms. 

When I asked my students and fellow teachers the best place to 
target additional motivational help to develop science Interest in 
students, most said middle grades but that It would have to be 
maintained at the high school level and I concur. 

Elementary grade students, however, have a natural interest that 
needs to be aroused too , 1 think. Therefore I believe It would be a 
mistake to target Just one level of students. 



Another Important consideration could be science teachers in 
tralnlno. When I was an Oak Ridge Traveling Science Teacher, we spent 

the sunnier giving i ecture-demonstrat J on3 to science education classes. 
In -service days our inn the school year would be another way traveling 
scientists, science teachers, or science labg could be used. 



finally, the museum at Oak Ridge is nice but if It could nave 
mere r f cr c jti on a i facilities associated with it similar to the space 
center <*t Hunt svi lit, Alabama--! believe it woe 1 d draw a much larger 
audience. We take the science club to Huntsvllle every year or so but 
almost never to Oak Ridge. 
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Ms. Lloyd. Thank you very much. That is excellent testimony. 
Mr. Rogers, I understand you have some very definitive ideas on 
the subject from your earlier days as a junior high school teacher. 

STATEMENT OF ROBERT ROGERS 

Mr. Rogers. I find it amazing how closely our ideas and senti- 
ments parallel each other, I think 

Ms. Lloyd. We are looking forward to your testimony, please 
begin. 

Mr. Rogers. I am going to begin my remarks with a bit of an 
anecdote. I teach a physics class at seven o'clock every morning at 
one of our local high schools. I had occasion a couple of weeks ago 
to ask the group of students that I am teaching this year if they 
had ever seen some of the simple science experiments, for instance 
running a comb through a person's hair and picking up purees of 
paper or making an electromagnet with a flashlight battery a nail 
and some insulated wire. And out of the 23 students that were 
present that morning, two of those students had seen such simple 
experiments of that nature. I believe that that is a very g ood illus- 
tration of some of the problems that this Subcommittee it address- 
ing. 

My own view of the situation as it stands right now is that we 
are losing our science students in the elementary schools. Any em- 
phasis that is placed on science education, in my opinion, should be 
directed at elementary schools and the target population I think 
we are pretty much in agreement should be the teachers. There are 
two or three things that can be impacted there, and I have to be 
very careful here. I have had to warn myself a number of times 
that the Department of Energy cannot fix all of these things, but 
the Department of Energy I think has some existing programs that 
are excellent and should be continued and expanded as much as 
absolutely possible. But I think that anything that we can do to en- 
hance the level of preparedness of our elementary school teachers 
is what we should be about. Anything that we can do to help them 
excite our voung people to maintain this level of interest and en- 
thusiasm about learning about our natural environment, those are 
the things that we need to be doing. 

I also believe very strongly that the solution to these problems 
and the pathways that we set for ourselves are going to be depend- 
ent upon science education becoming a national priority. I person- 
ally believe that that national priority would be established in this 
one laree burst I think that has been referred to a number of times 
today. It worked a couple of times in the past, the late 1950's, early 
1960s, it produced some rather interesting results. I do not know 
that I would advocate another space race or anything of that 
nature, but I believe that the Department of Energy is an agency 
that could impact very heavily the national awareness of the im- 
portance of science education. But I do not want to leave the im- 
pression that the Department of Energy either is the only agency 
that has responsibility where this is concerned. 

I am also very concerned about the national agenda. We have, as 
I see it, a national agenda at present that is concerned primarily 
with basic skills. I see that as part of our problem. Basic skills have 
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brought about an increased emphasis on mathematics skills and 
language skills to the detriment of such things as science educa- 
tion, social studies education is another thing you hear mentioned 
prominently of late. 

I do not want to leave the impression here that I am an advocate 
of another situation wherein public schools and public school sys- 
tems and public school teachers are compared via the standardized 
test route. I think if that were attempted where science education 
is concerned, we would end up with a group of students who were 
very well versed in the rote memory types of things. We would be 
very good at teaching them vocabulary and fail to address the ex- 
tremely important concept that science is a process, science is 
something that kids do. We cannot teach science in a situation 
where kids are sitting in the traditional elementary school, middle 
school or high school classroom with individual student desks. You 
cannot teach science in that environment. What we have to have is 
laboratories, what we have to have is equipment, something besides 
the equipment that we managed to purchase in the 1950s with the 
money that was generated as a result of Sputnik. What little of 
that stuff that is left is in dire need of repair. 

The idea that was mentioned just a moment ago about the equip- 
ment that is used in our national laboratories that does become ob- 
solescent but far earlier than the equipment that we use in the 
public schools, I think that a practical use of some of that equip- 
ment, if it were still usable, would be to hand it down to us and let 
us see what we can do with it, let us expose our students to it and I 
can just about guarantee you that they would come out of our 
public high schools a lot better prepared than they are now to 
enter into a laboratory situation and be productive. 

It was mentioned earlier in the day a couple of things that kind 
of tie in together. One of these things I find that I have been the 
victim of. One of the students who is in my early morning science 
class was a recipient of one of these summer study fellowships this 
year at the Argonne National Laboratory. This was the first time 
in my 21 year career as a science teacher that I had heard of those 
programs, and I think the point was very well made this morning 
that sometimes these programs are very well known in their imme- 
diate impact areas and not so much in some other places, and I 
think that an informational campaign about opportunities of this 
nature might be of some value. 

Along that same line, an information network that would serve 
to disseminate timely information such as the information that is 
very popular right now relative to the cold fusion research. Mv 
remark has been that most of our information has come through 
the news media. And I know in several circumstances it would 
have been extremely valuable to have had some information 
beyond that that has been made available to us in the press. 

Another idea that I heard mentioned this morning that I think 
would be very valuable, that would relate to some of the other feel- 
ings that 1 have about the current problem in the science e< ucation 
field and some of the ways that the Department of Energy and the 
national laboratories could impact this, is a situation wherein sci- 
ence teachers could be exposed to current research, current re- 
search methods, developing machines and that sort of thing, a pro- 
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g^m wherein science teachers would be able to work in research 

feS iTwn^ k 8Um T r ^ V Would *> lv * 1 think tw^S 
lems. It would keep teachers abreast of developments in th* 
ences and it would also serve to have some impacHpfn one of £ 

afc£ KJf^" 18 ^ y ° U u, hear in «?1 f?elds 

about and that is the money problem, their own personal finances 

dmpte ^S^SSV^S "V" 0 mUC ? disa^ent^S 
3 • a 5 1 • the ^"cation profess on is an underaaid 
profession. And that ,s one of the problems. The things thS t teal* 
ers have to do to make ends meet does take away from the amTunt 
s Ln? e i *7 are , able to »Pend-not that they^are wS to 
«hS? a * Qd ^ an 1 ^ntlemen, but they are able to spend inkSiS 
abreast of developments and retraining themselves , Thev havf 

[The prepared statement of Mr. Rogers follows:] 
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THE ROLE OF NATIONAL LABORATORIES IN SCIENCE EDUCATION : A TEACHER'S 
PERSPECTIVE. 

BOB ROGERS 

THE PROBLEMS: 

1. Science education is not a real priority in public schools . The 
evidence supporting this states^nt appears in almost all public 
school buildings. Elementary schools have no laboratory facilities 
nor do they have equipment and mater iala necessary to teach 
science. Laboratory facilities that do exist at the secondary 
level are, at best, inadequate. Laboratory space is Insufficient. 
Laboratories often double as classroom and/or lecture halls. The 
laboratory equipment, materials, and consumable supplies were 
purchased during the last national burst of interest in science 
education: the late 1950 's and early 1960's. 

j -o koinn a M h«sir skill." The national, 
2. Science is not perceived as being a Dasic bkha. 

state and local fervor to improve the basic skill levels of 
American students has produced an increased emphasis on reading and 
mathematics. The curricular approaches and available materials do 
not appear to reflect the fact that students can read about science 
and that quantification of phenomena is the most practical 
application of mathematics skills. The result has been that, "with 
all the emphasis on basic skills, there is no time to teach 
science." 



9 o >:; 

ERIC O.)^ 



315 



The policy of using standardized test data to compare schools and 
school systems has served to de-emphasize science education. 
Schools and school systems have placed their energy and resources 
in those areas that are roost cooronly measured and confer ©d via 
standardized test scores: math skills and language skills. 

Teacj.ers teach best those things with which they are most familiar. 
Education training programs do not adequately address science. 
Therefore, elementary teachers avoid science. This has the effect 
of causing students to not become interested in science. He do not 
necessarily "turn students off" but neither do we "turn them on." 

j. Advanced science courses are directed toward a very narrow range of 
student abilities. Very little has been done to increase the 
number of students that are exposed to upper level science course. 

b. The diversification of science course becomes evident only at the 
high school level. Exploratory experiences are thereby quite 
limited during those years wherein students are most curious and 
interested- 

POSSIBLE ASSISTANCE THROUGH THE NATIONAL LABORATORIES; 

1, Begin a program that has as its goal the establishment of science 
education as a national priority. The Department of Energy through 
the National Laboratories is the logical agency to provide the 
information that would demonstrate the need for such a goal. 

-3- 
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2. The fact that the National Laboratories can have a significant 
impact on science education is wonderfully demonstrated in the Oak 
Ridge Area. Oak Ridge students consistently out perform their 
Tennessee peers in science areas. Argonne National Laboratories 
has recently awarded Ooltewah High School Senior James Paris a 
scholarship to study there during the sunnier of 1989. Expansion of 
programs such as these can only serve to positively affect more 
students. 

3. Continue and expand teacher training and retraining programs. Any 
effort to raise the knowledge and awareness levels of those 
primarily responsible for providing instruction is of significant 
value. 

4. Establish a program whereby surplus usable equipment can be placed 
in public schools rather than being sold at auction. A .y Xype of 
equipment from the simplest to the most complex would be useful in 
helping to motivate students into the study of science. Given 
appropriate laboratory opportunity with modern equipment, students 
would emerge from public school science programs significantly more 
prepared for educational experiences at high levels or for specific 
vocational training and experience. The Department of Energy 
should also encourage the private sector to participate in similar 
programs. 
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5. Direct more training programs to elementary school teachers. If we 
fail to capture the imagination and interest of these younger 
students we lose on two fronts: first, the number of students 
exposed to science education is dramatically reduced, and second, 
the interest level of those students who are exposed to science 
education is significantly reduced. Generally, the more 
knowledgeable teacher is a better teacher. Teachers need help in 
motivating students. Increased knowledge levels among teachers 
make them more comfortable and, therefore, better able to motivate. 

6. Promote the concept that science is something that kids do . 
Science is a process » not just a body of knowledge. Hands-on 
experiences and exploratory experiences are essential at all levels 
of science education. "Bells and whistles," pretty colors, loud 
noises and bad smells are trademarks of science. These things get 
students' attention. 

7. Initiate a program that assures the timely dissemination of factual 
information relative to current developments in the area of 
research. During recent weeks, teachers have depended upon 
newspaper accounts of the research on "cold fusion" as a resource 
to answer questions from students and parents. We need better 
information. 

BR:amd 
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Ms. Lloyd. That was excellent testimony. I enjoyed reading your 
prepared testimony as well, Mr. Rogers. We will finish with you, 
Geraldine. Share your microphone. 

STATEMENT OF DR. GERALDINE T. FARMER 

Dr. Farmer. If you see that I am shaking it is because, number 
one I am nervous and number two I am cold. It is freezing in here 
today. 

Ms. Lloyd. I may be able to do something about the latter, but 
the first one, all I can say is welcome and we certainly do not want 
to frighten you because we know that you are an extremely well- 
informed lady and we just want to hear what you have to share 
with us. 

Dr. Farmer. If you will give me that doctorate you gave to the 
fellow from TV A, that would help. 
Mr. Schiff. A little stereotyping perhaps? 

Dr. Farmer. Well I wonder if it was because I was female or a 
minority that it was left off. 

Mr. Schiff. My bet is it is because you are female. [Laughter ] 

Dr. Farmer. I work with the State Department of Education. I 
am a former classroom teacher and it was rather difficult to decide 
how to present testimony, but I am going to attempt to do that 
without commenting on what has been said before. 

At the State Department of Education about 1985, it was decided 
that there should be some continuity to our educational program 
and out of that deliberation came what we call the basic skills pro- 
gram. That basic skills program included the language arts and it 
included mathematics, but it did not include science. Years later 
however, it was decided that maybe it would be a good idea if we 
knew what would be in each course, not just basic skills. So at that 
time science was included to the extent that we developed a cur- 
riculum framework at the state level. 

This framework defines what will be taught in the science class- 
es, K through 12. This framework is presented to local education 
agencies and thev have an option of developing curriculum guides 
to highlight, beef up, explain implementation strategies as to how 
they can convey this material to students. But the state also devel- 
ops the guide. So in some instances, most instances in fact, the 
state guide is used. 

Because this is a rather long and difficult process, this is repeat- 
ed every six years. And we all know that in science, six years is a 
long time to take a look at what has gone before. This curriculum 
development cycle also includes our textbook cycle. In this six-vear 
process, we have a needs assessment. This includes State and local 
educators. This could also include Department of Energy staff, I 
don't think it has in the past. But the needs assessment is to say 
what is it that we want to happen in science education in our K-12 
program. And from this needs assessment the framework is devel- 
oped. 

After the framework is developed, it is presented to all of the 

fmblishers of educational materials to say this is what we would 
ike to happen in our schools. They have an opportunity then to 
correlate educational materials to our framework and in the case 
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of textbooks, submit them for bid. We are a State where there is a 
State adoption list. And in evaluating these textbooks, one of the 
things we look at is the extent to which they complement the 
framework. . . 

After this, we have curriculum guides developed. It is implement- 
ed, there are workshops to enhance implementation by classroom 
teachers, and then we evaluate. As 1 said, we do this every six 
years. The first time we did this in science was 1983-1984 school 
year. Six means that 1989-1990 we are in the process of starting 
again. So this hearing is very timely and if there are suggestions 
and ideas that are going to come from it that we could implement 
into this cycle, this is very appropriate timing. 

As we started with the sciences, we discovered— and I was rather 
new in the State Department at the time, but we discovered that 
educational equality project of the College Board had been drafted 
and that our legislators had adopted that program. It is called 
"Academic Preparation for College: What students need to know 
and be able to do. M That caused us to go back and look at our 
framework and our guides again to see if we in fact were doing 
those things that project equality asked for. And it is actually at- 
tempting to do the same thing we are saying here today, how can 
we get our students involved, how can we get them into all of our 
academic competencies, how can we prepare them io be productive 
citizens. 

The green book, as we call it in Tennessee, talks about teaching 
six basic competencies; reading, writing, speaking and listening, 
mathematics, reasoning and studying in all of the academic areas 
including the sciences. So this has caused a mass effort at staff de- 
velopment because biology teachers were not that accustomed to 
teaching reading or to teaching math, just as an example. So we 
have tried to pull together ways in which these teaching strategies 
can be incorporated into ail of our sciences. 

In doing this, we have had the need to call on colleges for help. 
So we have now established the Tennessee statewide school /col lege 
collaborative for educational excellence, if you can say all that 
without breathing. Through this collaborative, we have been able 
to pull together high school teachers, college professors from each 
of the disciplines as well as from the schools of education- We meet 
regularly to talk about curriculum. W*f are trying to identify those 

E laces where a high school student will leave high school and can 
e successful in college and we have found out that we were worlds 
apart, but we are continuing to meet together to work together, so 
that we can agree on what is the mission of the high school, and at 
what level should we have been prepared to be successful in the 
college. 

Part of this EQ collaborative though also talks about the world of 
work because we realize that all of our students are not college 
bound. And what we have found is that the basic competencies that 
we need for college success are also needed for the world of work. 
This would be another place where the Department of Energy 
might wish to join with our K-12 program, when we have these col- 
laborative meetings. We would welcome your input. 

In this process we have looked at our science courses, we have 
restructured some of them, we have added new ones. It was men- 
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tioned earlier today that principles of technology was one of the 
programs offered through our vocational program. Also we have a 
mathematics of technology. So we are looking at ways in which 
high school students can meet graduation requirements and also 
get the technical skills they need for the work world. We also add 
new courses as the need arises. 

There is another option, however, where local schools may 
choose to add a course if there is a need that is not identified at the 
state level but is identified at the local level, then that local school 
system can write the framework and submit the course to the State 
and provide their own local courses. 

As we look at our curriculum documents, we are also looking at 
Project 2061 by the American Association for the Advancement of 
Sciences or Science for All Americans. We have read the document 
and feel that it will be one of those things that will be considered 
as we re-evaluate the curriculum framework for th* next six years. 

You may be familiar with the mathematics standards that have 
been recently published by the Tennessee Council of Teachers of 
Mathematics. That is included in the packet. This is the direction 
we had already started because of the green book project, and we 
find that it is very consistent with both documents, both Science 
for All Americans and the mathematics standards. They are all 
saying let us do a better job and not try to cover the waterfront. In 
the past perhaps we have been too broad in our coverage of topics 
rather than being narrow and developing those critical thinking 
processes as we were teaching our courses. 

We, as I said, have principles of technology, applied mathemat- 
ics—these are two of the newer things that we have done. We have 
also instituted a science course through the vocational agriculture 
department so that students may have four years of agriculture 
and still meet their requirements in science. 

I pulled our Stanford Achievement Test scores from 1985 
through 1988 and as we look at science we will notice that we have 
increased significantly our scoring. We test at the second, fifth and 
seventh grade, and each year there is a little bit of an increase. I 
think part of that has been due to the emphasis and insights in 
recent years. Part of that has been due to the programs through 
the universities. Through the Center of Excellence in Math and 
Science at the University of Tennessee at Martin, we have had ex- 
tensive training in our elementary program. Even though the fund- 
ing is in jeopardy, we are hoping to keep that program and hope 
that they continue to train teachers in the sciences. 

There is a summary also in computer education in Tennessee. 
We have a mandatory program at the seventh and eighth grade 
which introduces students to computers. They all must take that, 
but there is an optional K-6 computer program where students can 
become computer literate. And in our nigh schools we are pushing 
the interfacing of our labs with computers, especially in our physi- 
cal sciences. 

We also have pilot high schools that are trying o put the whole 
school system on computers. We are a little behind the businesses 
where you are already technologically oriented, but we are moving 
in that direction as fast as funds will allow us. We have certifica- 
tion requirements for computer courses as well as we have re- 
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vamped our entire teacher education policy. I did not included the 
license and standards, I just included the cover, but those are 

!>ublic documents if you would like to see them. So beginning in a 
ew years, we will have new policies for how teachers receive a li- 
cense to teach in Tennessee. 

I think my ten minutes are about up, so let me summarize as to 
what I see some of the ways in which the national laboratories 
may be of further assistance to us. 

Summer enrichment programs have already been mentioned. 
One of the problems, as 1 see it, and I do happen to administer the 
seven programs for the summer, and I can assure you that all of 
the high schools were mailed copies of your announcements, but 
when you look at the requirements they want the best and they 
want the brightest and I feel that this perpetuates the myth that 
only the very best students can be successful in science. I have 
tried desperately to get minority participation in these programs, 
but if I follow the guidelines there, then it is very difficult to get 
minorities who will meet the expectations as described in the bro- 
chure. 

I think programs that meet the needs of the middle range stu- 
dents, the average student, would be helpful and just as beneficial 
to the student and the national laboratory. The same thing I think 
is true for our teachers. I have reviewed some of the applications of 
teachers that were coming into the labs and it is usually the sci- 
ence majors that are selected, not the science teachers who also 
have 150 students a year, but the science teacher that is weak. It is 
usually the best programs. There is a need for that, but there is 
also a need for programs that will strengthen the base on which we 
operate. 

You have developed curriculum materials over the years and 
they have been good. I would love to see those continue. I would 
love to see some staff development programs perhaps by satellite 
that could be sent out into local schools. I think the technology is 
there with most of the schools such that if we could develop clus- 
ters of physics teachers that could benefit from such programs. It is 
difficult to have a staff development in the content when there are 
only two physics teachers in the whole school system. We have 140 
school systems and some of them are very small, with one high 
school. So if in some way we could form some strong local alliances, 
professional associations where programs could be sent in for staff 
development, I think that would help us a great deal. 

I have another list of needs that you may or may not be able to 
help with, but I would like to get them in the record. We have a 
desperate need for elementary science facilities throughout our 
state. Not that you must have a formal lab for elementary science, 
but we do need things and we need storage areas. And when you 
have wall-to-wall students, it is very difficult to set up something 
that has to stay for a couple of hours. 

We need some examination of the workplace and the work load 
at the high school level. To ask a teacher to have three different 
preparations, maybe chemistry, biology, science is a very hard task 
and we need support for teachers who have this number of prep- 
arations. I would like to see tuition free undergraduate courses 
made available for teachers. Pome teachers have weak back- 
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grounds. They are not selected for these programs but they would 
go back and take an undergraduate science or math course if they 
did not have to pay tuition, and that should not be a big cost to 
anyone if they could fill in the spaces during the summer when the 
classes are already there. But that is not available to them. I un- 
derstand it is available to senior citizens. 

I think we need to include science as a basic skill in the elemen- 
tary grades. It needs to be included as one of the things that you do 
not wait until Friday, if you have time. It needs to be included 
along with the other basic skills. 

We need staff development time. If we have teachers in the 
schools that need development or need training, we need time to do 
it. They should not have to sacrifice to go back to get that training. 

We have several things that have shown a turnaround I think in 
our elementary program. We have the Governor's School as has 
been mentioned. It has been operating several years, it is always 
full and running over. But again, it is for the geniuses, the better 
students. And those students who could benefit just as much get 
left out. We have our Junior Science and Humanities Symposium 
and we have students that do their research, write up their papers 
and they are willing to present it. The Junior Academy of Sci- 
ence—but we also have some programs that are not as discipline 
oriented as those and they are really on the increase. One is the 
Science Olympiad where teams of average students get together 
and show that they can build things and get together and earn tro- 
phies, earn ribbons, earn medals for something that they did them- 
selves. We also have Invent America, you perhaps are familiar 
with that one. It is growing in our State. The Invention Convention 
and our science fairs. All of these programs are growing, we are 
getting some parent involvement with them, and I think that as we 
continue to grow and as we continue to get parents involved, we 
will strengthen our programs more than we have. 

In summary, we need parent involvement beyond the lower 
grades, this is one of the keys. When kids become disinterested in 
school, it is about the time parents stop coming to school. We need 
role models in our research laboratories visible to the public, we 
also need them in our classrooms. The number of minorities in 
Tennessee classrooms has dwindled considerably. We need the en- 
richment programs, but we need to re-evaluate the selection or 
extend them to include students that are not at the very top of the 
class, and then we need the staff development activities which is 
time to teach science in the elementary school, support from either 
the local or the State or the colleges, from some level so that when 
these teachers run into problems there is a support system, content 
area in-services, and work together to strengthen our professional 
science organizations. 

[The prepared statement of Dr. Farmer follows:] 
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TENNESSEE CURRICULUM CYCLE 

State Board of Education rules (Section 0520-1 -3-. 02) establish a 
shr-vear cvria for the development and implementation of curriculum frameworks 
and guides in all subject areas. Subject areas win be at different points in the 
cycle at a given time. 

There are three areas of activity in the curriculum cycle: 

1. State Department of Education - Working with local educators, me State 
Department of Education begins the curriculum cycle by evaluating the needs of 
students in a particular subject area. The Department ran develops curriculum 
frameworks outlining the objectives of instruction in a subject area. When the 
framework for a subject area has been approved by the State Board of Education, 
the Department develops a more detailed curriculum guide. 

The Department distributes the guides and frameworks to local school 
systems at least one year before new textbooks are Introduced, and also provides 
inservice training in using the frameworks aod guides to local educators. 

2. Textbook Commission/State Botrd of Education - The Textbook 
Commission then submits the frameworks approved by the State Board of 
Education to textbook publishers before July of the textbook approval year. The 
publishers in turn correlate their textbooks with the frameworks, and return those 
correlations to the Textbook Commission before October of the textbook approval 
year. The State Board approves the official list of textbooks in November of that 
year. 

3. Local Education Agencies - L£As may choose to develop their own 
curriculum guides. If so, they must have than completed by the end of the school 
year after the State Board has adopted the official list of textbooks. LEAs using 
(he state curnculum framework and guides are trained in the year before new 
textbooks are introduced. They must implement the framework and guides in the 
first school year after newly adopted textbooks are used. 

The curriculum cycle: 

L Stale aud local 

QfffdS MHSBMBt 



1 Dm topme n t of state 1 1. Slat* mod local 

curriculum framework evaluation of 

framework aod guide 



/ 
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J. State Board epproraJ 10 - LEA koplem rotation of of 

curriculum framework framework* guide aod 

J textbooks 

4, Dtvrtopmest of state I 

curriculum guide 9. LEA development of 

^ guide mud adopuoa of 

5. State framework aod lest books 
guide f*Bi to publishers / 
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8. State Board approval of 
pOlca! trrffrfltrtt Set 



IDfcsetatoattoaaad 7- PabMshm provide 

teservfciog of ^^^^ correlations to 

fraattworKoad guide ' framework sad guide 
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SUBJECT 



FRAMEWORK TEXTBOOKS TEXTBOOKS FRAMEWORK 

DEVELOPED ADOPTED A IMPLEMENTED & GUIDE 

GUIDE IMPLEMENTED 

DEVELOPED 



Social Studies 1 982-83 

Health, Physical 1983-84 
and Safety Ed; 
Science and En- 
vironmental Ed.; 
Agriculture; 
Health Occupations 
and Hone Economics 
Ed 

Language Arts, 1984-85 
Foreign Language* 



Mathematics 

Fine Arts; 
Driver Ed.; 
Business Ed.; 
Industrial Arts; 
Vocational- 
Technical Ed.; 
Trades and 
Industrial Arts 

Reading 



1985- 86 

1986- 87 



1983- 84 1984-85 1985-86 

1984- 85 1985-86 1986-87 



1985- 86 1986-87 1987-88 

1986- 87 1987-88 1988-89 

1987- 88 1988-89 1989-90 



1987-88 1988-89 1989-90 '1990-91 
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s traoothsn tha ajejfltajc, ggalttg of ascondary adueatloo~and to mmi »qvl 
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aa)or high aehool rafor* tf fort, tha (Quality profrct asata axcallant 
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Oaftnlog Coala 
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vtdaly uaad pot 11 rat Ion %cadflc yraoaratlon for Collaos . Mora than 300.000 
copiaa of thia "Craan Book" sea in circulation and oany atataa and school 
dlatrleta ara using it to eonvay aapactationa and to aaaoina thalr curricula. 



Acb laving tha Coala 
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education-— tba learning all atodanta need in or car to hava a fair chance at 
succeeding in eollege, tha SQuallty project aad tha taachara vho formula tad 
tha learning outeoBaa and competencies bold that thora 1* no a log la way to 
teach tha ooapateacias and eubjectsi axxiievlm sod lastxuctioo Ara Mat tare of 
local expertise and responsibility. Bevertbsleae, oany aduoatora hava asked 
for a foliar p let ara of tha goal a and for toggeetioos about bow tha goal* 
sight ha tranalatad into classroom practice. Pith tha halp of tha Col lag* 
Board* a Acedesic Advisory Ceeailtteee, tha Equality projact La pool iah log a in 
book a # cow in aaob Baaic Aeedeolc Subject, suggeeting sobs vaye tha co t p os e a 
tight ha scbievedi Acedesic Preparation in Snellen . Academic Preparation, in 
tha Arte , Academic Preparation in wet heretics . Acedsoic^rreparetfon in 
science , Academic Preparation in Social ftudlee . and Academic Preparation in 
Foreign language . Co tha baa la of thaaa hooka tha project la encouraging 
farther national diaruaaion about what abould ha happening in our high aehool 
cleeeroom* and ia a lac launching in-eervice workshop* for high school taachara. 



Motivating Prudente 

Bee tinge with bullosas leedere during tha early atsgaa of tha BDuality projact 
eatahliehed that at od a n t a vho ants* tha work fore* diraetly f rem high aehool 



THE COLLEGE BOWTO 



9 

ERLC 



31.* 



329 



need uny of tha ***» academic eo*petencie* do atudenta going on to 
eoU^jt. sine* thoM compatancie* are laarnad through atody of tha acedeoic 
eublecta the tQuellty project ia wasting to a occur*** all atudonte airly in 
their high acbool cirnn to *»t high atandard* for tbe**elvea, to chooma and 
■tick with mi academic ©our** of atudy, and to turn to thoir toachere tad 
covnaelore for aupport when atudiaa mi difficult or diecour aging. 



tecogniilno SpocUl 

Concern with improving too *ducati©nal attainoenta o* *U atudenta 
incraatinglv invoim cones rn for etudwota from group* of Historically 
dieedvantmged American*. Achieving equal reeulte require a that atudenta be 
dealt with— not identlcmlly— but io tb* way* that oro moat aultwd to their 
particular altuatloma. The locality project eeeke to gi**— and inll^-flaiclal 
attention to the aitoation* of **odeote aoat at ri*k, *tod*nt» who of tan do 
not oat acoaaa to too academic preparation and aupport tboy oood. 

National collogul. aro on* way tb* «©uallty projact providea thia attantion. 
One euch colloquium focoaod on tha obetecie. Native ^ r4c ^" <J^J" . 
achieving acc^aa to higher education. Another coiloguium *'Ou*M ac^ool *nd 
col leg* aduca^a together to eaemtne tha quality of education that blacfc 
atudenta race , * and now tb*y «#y ba affect ad by currant acbool "for* 
llZtom and propooala. Tha background paper for that colloquiums**^! 
Vn6 g»cenancT« The Education^ ^tu, cf Slack AmeMcan.-hma been widely 
dlatributed and poblieiied. 

Tha EOiiality project elan worka cloeely vith other national orgeniaetiooe 
•pacifically concerned with tha need* of minority atudanta* For e**m?i«, one 
etaff meaner participated on the recently convened National ComaU**ion on 
Secondary Schooling for ■iepanice. 



Teaehara helping Teachere 

A recent publication of the COuality project/ Teaching in America* The Common 
Ground, praaanta mccownta of bow New Haven teachora in e*cond*ry. acbool and 
y ala" P niveralty faculty com together to pr*p*re * oxoad variety of curricula* 
unite for ate in the public acbool.. The richnea* of their academic 
collaboration and co-prof aa a ionaliae rainforcea the ffOuaiity ptoject*e 
conviction that teaches a working together ara key to improving the education 
of all atudenta. 



Coovright C If H by Collage entrance anamination »oard. Collate board and the 
ecoTa loflo **• imejimtared trademark, of the Collwoe rammo* «*amltiatioo 
toerd. tducetionol Woality Project and tDuallty ara tredemarka owned by the 
Call— a mtxance Examination Board* 
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School a and Collate Nuking Together 

The quality project** Rodela Frogrn for School-Oollaga Collaboration 
encourages, luiiti, and supports collaborative arranges* nta between collegee 
•Ad aecondary school Zn eatabllablng a network of tMn collaboratiae 
srrenceeient* la ItiJ, the project intended to pre? 14* a mam by which 
profiting p* act leva, vster lala, and research could ba shared, it also 
intended to etwdy tba extent to whit* theee erranossenta say serve aa *aodala* 
to /ac ill tat a eiaJJsr of fort a elsanabaie, *» masbariofl 15« tba colXabOf atlaaa 
aary in organisation, coBpoei tion, and da welopaent » but all a her a in a cantral 
peewits* nt to lncraaaa tba maber and dlasrelty of atudanta adequately 
prepared for Matter education. 



Aseeaalnq Frograae 

The Educational BQuellty Project belia*** that eeaeesajent ahould ba used to 
auopore Inetructlon and curriculum not Just to lore atudanta* Tba project ia 
inveat .gat inq what role asaessawnt can play in helping schoola iapr ova tba 
academic preparation of atudanta for college, what kioda of now eaaainstiora 
or aeeeaament aacalces can help espend and dlverelfy tba pool of atudanta 
prepared to antar and auccaad in collage, and bow Mil currant taata saaaura 
tba ekilH and ftnovledga needed by atudanta entering college. 



Look irro Ahead 

D.aloguea about improving the education of all atudanta will continue to ba 
intrinsic to tha Equality project . Haw puhlicstJons, research, colloquia and 
vortahopa era being planned to further tba goal of having acre atudanta batter 
preoerad for college, To atay current with ectlaitlae of the Educational 
equality Project »rita or call the appropriate collega Board Regional Office* 
To order publ ice* icna , aee the 1 i at on th* reveraa of thia page* 



3 



ERIC 




381 



Comprehensive Education 
Refers Act 



SeofeaWffcf CHU ef WS4 



to* 



fyjay ■ »t«t W™n NttdtnKnaw and 

Board, 888 Sewmh Awnue. N*w York. 
Ntwror*.IOIOl.t983. 



PROJECT EQUALTIY 
Basic Academic Competencies 
READING 
WRITING 
SPEAKING AND LISTENING 
MATHEMATICS 
REASONING 
STUDYING 

Basic Academic Subjects 
ENGLISH 
ARTS 
MATHEMATCS 



SOCIAL STUDIES 
FOREIGN LANGUAGE 



Tat 

■LIU LU L ftft 



GREEN AND RAINBOW ROOKS 
rfEutfmtoaovettev 

ftr 
rattabte 
The 

panjt oaf fteaffiae rtait* «e Mas 

MgUah^rfTeaecw ec eed t he Sou 

R«BdefRMeaB,nwolAecofpoosw»of 

Pn^aEQn&yT 

TbtfcIto^nMniib«tv^3le«tbi 
price ef SMI earn d Seconal of SO*): 

kite Am 

Mithcmirics 
to Science 
to Socul Studies 

Tte fcOovfag a-wiab «t ratable ai the 
prfcr Mcwd (t tftoeom of 20%): 



jfor CoOcfc 
(The Omn Book) SOJOcach 

SBpowd Its of *c tix titles in Ihc Actdemu 
Ftopmtoo Scrio pits t copy of The 
Cm Book $16 



r be criocd by tending j 

mbftseonkr or tock*i*f • check with the 
Oder. llMtf aopworbioAinf 
rfbotekTbesmOedK): 



Ooocb S45 
Tte Uflfeanky rfTemewt at Manin 
MmkuTN 3t2»-5C29 




,W S72tf 



3S2 



332 



The Tennessee State-Wide 
School-College Collaborative 
for Educational Excellence 
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COURSE OFFERINGS IN THE SCIENCES 

GENERAL SCIENCE I 
GENERA!. SCIENCE II 
EARTH SCIENCE 
PHYSICAL SCIENCE 
BIOLOGY I 
BJCLOCY IT 
CHFMI TTRY I 
CHEMISRTRY I! 
PHYSICS 
PHYSIOL CZX 

SCIENCE COURSES THROUGH VOCATIONAL EDUCATION 

O PRINCIPLES OF TECHN3LOCV 
O GENERAI SCIENCE IA 

CURRICULUM FRAMEWORKS WILL BE DEVELOPED IN THE A R ? A f > OF 
0 GEOLOGY (CEOSCIENCE1 

0 ECOLOGY AND THE CONSERVATION OF NATURAL RESOURCES 



OTHER OPTIONS ARE AVAILABLE THROUGH SPECIAL COURSES THAT MAY 
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RUL£5, REGUUTIOKS, AND UJNJMUU 
STANDARDS 
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Th§ rajj ot tmphaii i in mthiiutKi is In pioQ'tmi to train 
taachf i i in coppintivt Ifit nl ng •tzst*gi*t »nd t *c hnj qu? > . 
tut hii^ticil sppl i est l om , highst oid*i thinking skills and 
problem solving Tinntf ■•• is rvovlng toward ths it tndti d« 
t h«t **sx • * sc snt 1 y sstsblis hsd by t h* N»ti»n«l Ccuncj 1 ci 

TltChlEI ©f MlthtlMtlCI 
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SUftCftGAJf V CP CHAMOIS JW COVTWr 



TOPI0W TO MCVll MCMAHO ATT WH O N 



• C» in f Km* *TTiitr ii r 




TO ntcstvi pa 



• 1 i iW i t i m i ■» ru t * d 



ATTVmON 




0 I 1 o 
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Instructional Design 
for 



5|Spplied 
athematics 



CENTER ffOK OCCUMTIONAl RESEARCH AND DEVELOPMENT 



On 



THE ROUE OF APPUED MATHEMATICS 



APf^ MATHEMATICS : 

A BALANCE 
OF PATTERN AND 
APPLICATION 



PURE 
MATHEMATICS 
• • • • 
A SYSTEM OP 



PRACTICAL 
APPLICATION 
• • • • 

NO 
PATTERNS 



cant generalize 

TOO FRAGMENTED 

DOES9TT eomp them to SOLVE PROBLEMS 
"CLEANING AMD COOKING FfSH" 



a 



» TOO ABSTRACT 

• TURNS THEM OPP 

• NO APPLICATIONS 

• "DEALS WITH THE 
THEORY OP I 



• EMPOWER THE LEARNER 

• WORK WfTH PATTERNS YOU CAN "SEE" 

• "TEACH THEM MOW TO PISH" 
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PREPARING FOR 
HIGH-TECHNOLOGY OCCUPATIONS 




345 



ADVANCED TECHNOLOGY CAREERS 
FOR TECHNICIANS 



• COMPUTERS 

• TELECOMMUNICATIONS 

• COMPUTER-AIDED DESIGN 

• ROBOTICS / AUTOMATED MANUFACTURING 

• INTELLIGENT BUILDINGS 

• INSTRUMENTATION AND CONTROL 

• LASERS 

• BIOTECHNOLOGY 

• AUTOMOTIVE TECHNOLOGY 
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The 25 Units That Make Up 
Applied Mathematics 

Unit Title 

pKftMAKATOKV UNITS 

A Getting to Know Your Calculator 

B Naming Number. In Different Way* 

C Finding Answers with Your Calculator 

A1»HMK» MATH UNITS 

1 Learning Problem-solving Techniques. 

2 Estimating Answers 

3 Measuring in English and Metric Units 

4 Using Graphs, Charts and Tables 
b Dealing with Data 

6 Working with Lines and Angles 

7 Working with Shapes in Two Dimensions 

8 Working with SLapes in Three Dimensions 

9 Using Ratios and Proportions 

10 Working with Scale Drawings 

1 1 Uaing Signed Numbers and Vectors 

12 Using Scientific Natation 

13 Precision, Accuracy, and Tolerance 

14 Solving Problem* with Powers and Roots 

15 Using Formulas to Solve Problems 

16 Solving Problems That Involve Linear Equations 

17 Graphing Data 

IB Solving Problems That Involve Nonlints? Equations 

19 Working with Statistics 

20 Working with Probabilities 

21 Uaing Right-triangle Relationships 

22 Using Trigonometric Functions 



Applied 
Mathematics 



14 
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V. USING THE MATFWAUB 



The sequence of mat* for delivering ■ typk&l unit of Applied Ma t aa sna to U as 

fcttowa; 



PRETEST 

i 

MOTIVATION 

• Video introduces unit concept, prsaanti typical applications tad role models, 

end poses a problem- 
a Class participates in eolation of problem from video. 
a Ttacher eUbcvntcs on unit concept presented ia video. 



COMPREHENSION 

a Ttechtr and students encounter mathematics material ia unit 

a Teacher prttenta mathematics materia}, with emphasis on applications. 

a Students read printed material and work through ant esamplea. 

i 

APPLICATIONS 

• Students apply problem-solving techniques to text problems, both genera! 

and occupational!? snedffe, 
a Students awfc io groups an laboratory activities aaeodated with 

mathematics cooeepta, 
a Students uat calculators for computation* 

* 

REVIEW 

a Claw reviews unJt abjective*. 

a Class Tv^ewsproc4emHS3hriDgttratei^usad 

i : 

POST-TEST 
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LEARNING MATERIAL COMPONENTS FOR 
EACH UNIT OF APPLIED MATH 



STUDENT TEXT 

• VIDEOTAPE- 10 MINUTES 

• MATH CONTENT/ TIXT • » PP 

• MATH LAI ACTIVITY 

» THREE TO CHOOSE rtOM 

► EACH DESIGNED FOR ONE 4S-MIN SESSION 

• PROBLEM-SOLVING 

» S GENERAL PROBLEMS 

► IS OCCUPATtONALLV'SPECOTC PROBLEMS (AGRICULTURE I 
AGRIBUSINESS; HEALTH OCCUPATIONS; HOME 
ECONOMICS; BUSINESS AND MARKETING; INDUSTRIAL 
TECHNOLOGY) 

• REFERENCE MATERIAL 
» GLOSSARY 

» UNIT CONVERSION TABLES 

» INSTRUCTIONS FOR DRAWING RTf 



Ansliod 
MHhemMks 
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HISTORY OF THE NORM-REFERENCED 
ACHIEVEMENT TESTING PROGRAM 

As a result of the Comprehensive Education Reform Act of 1984, the 
State of Tennessee mandated that a nationally normed, standardized achieve- 
ment test be administered to aO public school students in grades 2, 5, and 7. 
Following an extensive review process which involved a statewide committee 
of educators, the Stanford Achievement Test (SAT), 7th edition 0982), was 
selected as the appropriate test The SaT has a reputation for excellence and 
is used throughout the country, 

Description of the Stanford Achievement Teat 

The Stanford Achievement Test is a standardized, nationally normed 
test The scores indicate how the achievement of Tennessee students com- 
pares with that of students at the same grade level nationwide. The SAT uses 
multiple-choice questions and specific time limits. Subject areas currently 
tested are Reading, Mathematics, Language, Science, Social Science, and Lis- 
tening. A breakdown follows of the subtests used to assess student achieve- 
ment in each of these subject areas at each grade level 



STjfcNFOftP ACHIEVEMENT TEST SUBTEST? 
•Y SUUECT AREA AND GRADE LEVEL 
SWUNG 19SS 


Subpa Aru 




Qndi Lml 


7 




Edf • Comp^ahanrioo 
W<*d Study SkSto 
Word RaadtAf 

Coneapu of Ntsabtr 
Math Computatf *j 
Math AppLcaUooj 


Edf Cnraprahanakw 

Word Study SkiU* 

Conctpo of Nunbtr 
Math Computation 
Mash Apnteattom 


Edf < CDOJprahaTtfiofi 

Concapq of Num&ar 
Math Computation 
Mad) App&eationi 


LttfUlff 


Sodhng 


SptSfcf 
Lonfoagt 


^pefltnA 
Languata 


Scfenca 


• 


Scatuct 


Sdtnc< 


Social ScteDc 


Social Scaanca 


Social Scttaca 




Uatantai Coaap- 
Vocahufcry 


LAataatag Cosap. 
Vocabulary 


Vo^bSir° mP 


NOTE: Jtodsif at d* Tfcto arada Im) eenxte only of lotdfeg Cofsprthcaaion, 
Lanfuafa at th# 2nd trad* amJ const** only of Spittle*, tod EnvtranBcni ^r*^^* 
Scfesc* and Social Sdoneo ai trad* 2. 



It 
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STANFORD ACHIEVEMENT TEST RESULTS 

spring, im 

The SUM A cMeeea a w t Test (19S2 Edition)' wis admlulauaed to 61.373 
dents in jtwSc 2; 60,011 ttuctas to graoc 5; and 59,925 students Id grade 7. The number 
of studenti reported fa me tables tad Am which fbSew wffl be lese to the tweate of 
students who were adminis tered the ka The d a uaasc k due to the cirhttinn orfctris 
which cadudes from summary swistica Md«m €odtd tadtoippitf opdoM of inite 
7-9. those handicapped students reoeivfag test moQflcMlaM. and those feted English 
profieteaey students who scored less SJJ oo ihe Uafi^ Aifeww Btewy or few 
thtn 15 on the Teacher Judgment Form. Hie exchotao criteria wd Ail year remained 

Unchanged frOB fast VCST. 

A change fa reporting ntflvwr dm to school systems was fastened this otran 
school year. For Die post three years, summary <%ta were reported » school system* 
baud on (roup soma This current school year, ftsmmary data am reported to school 
rynems based on both iriavidual and group norms. A trial description of these two 

norming techniques follows: 

Group Nafaaa are a neaiurc of how the average boot* of a collection of 
students contained fa a classroom, school or system (a unit) compere* with the 
a wage score of either smeB (ctsfofrncnt equal to or lata than SO per grade) or 
large (enrrimiem sweater than » 

cfasety matchee the eke of the una. This he* been the method of reporting 
imh acoree for die pest three yean to the testing of students fa the second, fifth, 
seventh, ninth, and twelfth grades. TOs erehnfap* of Normfag has also been 
used fa all other grades for the Stanford Achievement Test sfaee the eprtog of 
1986. 

Individual Nonas are a measure of how an IntfrttucJ student eemptres 
with ail students fa the nation. This method is also used to compare units by 
comparing die avenge student of dot unit wim en students fa the net^ Tbisis 
the method of comparison used nscet frs<|uent^ fa testing prn^ 
used fa all other norm-referenced testing dona by Skate Testing. 

Bar graphs and charts on die following pages sum marise 19S7-S8 results and com- 
pare this year's results with previous yean. Data dealing with only the 19*7-16 school 
year are based on both individual and group norms Oomperieon da s, from year to year, 
arc based on group norms, 

•JW Ten Ncms Ustd to Fnpart this Ktpon ore fan ef He Suvfrrt Acton*** 
Testing Series. 19*2 EdkimQm*. 



It 



STANFORD ACHIEVEMENT TEST 

STATEWIDE RESULTS 
SPRING 1988 




STANFORD ACHIEVEMENT TEST 
STATEWIDE RESULTS* 
SPRING 1985 - 1988 COMPARISON 
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Computer Education 
hi IfennosMt 



Computer E<ijcetion in tho Slate of Tfcnnttaaa bagan wSh tht mating of b 
oompi^ounlouaimoommttaain a*ny 1962. Tha oomrrStea dinatapad a ountaAim 
10 ba und fa gradaa K • 12 to taaeh computer Mia. 

At port crfma Batter Sehooftt Piogmm, tfw Computer Skflte Naxt fCSN) Program 
waafaatfctfad Thtaprogramiadatigftedteriaipfha 

baooma compute? M and pnpm Mm to prograaa to mora acfranca* computer 
actenca oourtaa In high achooL 

llllC^^NDOUIWOOflliltl^fil^l^ 



daaling wf{h compute ooaiattv*, programrraiv. and appScstiona. Than (assorts ara 
flaxftrfa anough to maan wfm ma ourrteuUim of any tradftona) auttac! m and to 
aoo omm o da te computer noviota, aa wa* m to chati rya atudama wtti cpnsidaratott 



In tha Computer Oparatiorts aadton, atudants ton to ktertffy tha oomponartts of 
a microcomputer system, understand tt*k functions, and to opama tha computar 



system. TNa unfr awo fadudaa ttaaio fcaytoaaitfnn sWli 

Tha Programming taction (ntroducaa studarrts to tha BASIC programming 
tanguaga. Thay team howafaortthma wK hoar to dt va top Bow charts, and how to 
write anon programs fa BASIC 

fathaAjy a ^att or »aacflona L atudarite 
homaa, and varioua profaaatena. Studanta an tipoaad to word prooasstog, data basa 
managarrw^aridmausaof apraa dahaata. 

In amort of ma program, ma teachart aalacted to taacn tha computer Pttracy 
eouraaa fa tha state* junior high schoots attendad an fatanslva tiva day training 
workshop for aach graft (aval may warn to teach. Training oomtmraa ***** yaar at 
naw tsacftars ara assign* ma raaponaWffty of Caching ma Computer Skffis Naxs 
eouraaa. 

AddNonaJ atwort aarvtoss war* Qfvan fa ma town ofc 

*SSOOipraachac»woliopurchaitfaamiotten^aottwa 

• A toB-fra* hotsna tpr teachart naadfag aaaJatanoa 

* &SS25^2 ** • a St5L? # *9** adUcattontf aaivteaoantara 
MamtMnj Np fa adUcationaJ computing organizations 

WMa tha CSN program waa bafog imptemanted fa tna savanth and ttatth 
grada*, a ■*» waa bagun on creating f iaaon a tor otfrar grada wval*. A program for fifth 
and atari gradaa waa started, Thay oonwat of twafca fesscns fa tha ffm grada and 
fiftaan torn fa ma atth grada. Tha uss of thaaa b a ton s ia voluntary, 

ThaStMBoaidoffEdUcaaonaddadeoumaatDrgradaa9-12. Thasacourtas 
(aa undar two oafiaaoriaa: Buafaaaa Eduoatfon and Computar Technology. Taaehar* 
who ara taaetwwtnaaa tat ma muat mawi amptoyrnant atandarda sstabiishad by tha 
board fay^teja* ^ 

BASfn* w oonwwv uxxa 

Tha Computer 'tohnotogy oouraia ara: 

fOSmAN AdtmadLOQO 

ya aca j^ Ad^anoadPtaoamam Computer Sdanoa 

A taak toooa of taaohata hava mat and daafgnad an aofMhr gufida for gradaa K - 

^ . ^ paotad fa aajam aw jffaorpaa^»a state. 

_ ' uaa by al ac ho o tt . 
Computar Education, 0»fdWootar>0^aeHr, Jtm OaMt^ttl 
"SSff Bwojvw Jte^ T»tnaaaaa f PhWp ******* Tannaaaaa. and 
Bacy lattunM^X, ia avalatoh to ha» your aohool fa hnoternantfap ma ourrtauium m 
compiaar education. 



*, Thaaa teaaona ara praaarrtfy taifag \ 
Hop^,termtetaimayw«barw^fir 
Tha Otloa of Computar EJucatio 



mc 5[ST COPY AVAILABLE 



354 

STATE OP TENNESSEE 
DEPARTMENT OF EDUCATION 

CERTIFICATION IN COMPUTER TECHNOLOGY 

SYSTEM 



SCHOOL. 



TEACHER NUMBER . 



SOCIAL SECURITY NUMBER . 
CERTIFICATE NUMBER 



DM ©f Expiration at OtrtlSaate m 
SECONDARY ENDORSEMENTS 



COURSES M COMPUTER TECHNOLOGY TO BE TAUGHT 

Pii«anil Computing Data Structuraa and Languasa 

PASCAL I 

Sottas* Toota Oati Structure and Langu»s« 

PASCAL I 

Data Sbudunje and Unguao* Data Sfiuciiwa and Unguaga 

BAStCI FORTRAN 

Data Sbuduraa and Languaga Data StnseSuraa and Languaga 

BASIC fl LOGO 

Ad van oad ffao ama m Compwtar 



COURSEWORK COMPLETED IN COMPUTER EDUCATION 
(Piaasa daacrfba in dataU ) 

(Must consist of a minimum of 6 aemastar hour* tor Parsons! Computing, Software 
Tools, BASIC I and BASIC II and 12 aa master hours for any oourss above thai level } 

Hour* CovfaaNama Cotnptatad knatRuOon 
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EMPLOYMENT STANDARDS; (Must t>a mat by tha 198949 acnool yaar) 

To tsach Pareonai Computing, Software Too*, BASIC 1 and BASIC H, tha taachar must 
hoW a vaid Tt fliumi taachaf's oarttfctia wcth saconda/y a ndo r aat nanqa) end must 
hava eomptottd aix aamaasar noun of data prDcmin9toomput«r«ot«fi09to ^ncludtai 
faas* ©na programming tanguaga. 

To taach Data Structures & Languaga Ownlxafion/PASCAL J, Oafa Structures and 
Languaga & Or w fae ate nVPASCAL H« Data Structures and Language 
0*va*izktan/FORTRAN, Data Structures a Languaga OrganiiatiOfVT.OGO, and 
Atfvancd Plaoamam Cornputar Sdanca, tha taachar must hold a valid Tannaasaa 
faacnar*a ootfficaia with aaoondary andownam(a) and must *ava oomptatad twefva 
aamastar hours to tnciuda tha toOcwing: 

• ajy aamaattf houm of programming, threa of which would amphasiia 
a ttock structured languaga, 

• threa samaster hours of data tfructure*. and 

• tnres samaster hours of anothar cornputar sconce eoursa, 

Taachar 

Signature 

Principal 

Signature 



Th(a Portion for Stata Dapartmant Ua# Only 



Tha abovs appficam has mat tha ampotymam standards for taachJng: 

ParsonaJ Computing, Software Tooil, BASIC I and BASIC II. 

Data Structures PASCAL I. It, FORTRAN and LOGO, 

Apprevad Data 

Stata Dapartmant of Education 



MOTE: A CERTIFIED TRANSCRIPT PROM THE INSTITUTION 0 RANTING 
THE CREDIT MUST BE ATTACHED. 

Aatun Come!*** Fpito To: Offioa of Cornputar Education 

Tannassaa Dapartmant of Education 
C-1 103 CamraJ Sarvteas Suiting 
NaahviOa.TN 37219 
Phona: (615) 741-6206 
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TEACHER EDUCATION POLICY 
IMPLEMENTATION 



LICENSURE STANDARDS AND 
INDUCTION GUIDELINES 



Tennessee State Board of Education 



November 14, 1988 
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T2ACHER EDUCATION POLICY: 
SUMMARY AM) IMPlEMENTAT 1^1 



Tennttiet State Board of Education 



November. 1999 



Executive Summary 

Tennessee fa focusing on thraa araaa critical to pttrfctlng the 
beet possible individuals into the teaching profession and ensuring that 
thay i amain in tha profeseJon: competitive eaiar:«a, a professional 
work environment, and Improved teacher education programs. The state 
is making progress in all three of these key areas. Cooperative 
afforta among K-12 and higher education peraonnei have been especially 
productive In the area of teacher education reform Following almost 
two year a of study, the State Board of Education, the Tennessee Higher 
Education Commission, aid the State Certification Commission in 
January, 1988, adopted a new Teacher Education Policy. 

Restructured teacher education programs in Tennessee win have a 
curriculum consisting of a comprehensive general education core, an 
academic major, and a focuaed professional education core. This basic 
academic preparation win be designed in conjunction with early "hands- 
on" teaching experiences In achooia. * * onm^ymmr internship or full 
aemester enhanced student teaching will etrengtnen the practical 
experience of teacher e. Teacher candidates who undertake enhanced 
student teaching win also have a beginning teacher program to a upper t 
them during their firat year of deployment. The policy will alao 
encourage ouaiified college graduates who have no prior teacher 
preparation to enter th* profession through post-bacca laureate 
programa The new policy will be phaaed In over the next eight years 
to provide an opportunity to teat the effectiveness of the Internship, 
enhanced etudent teaching, beginning teacher, and poet-baccafaureate 
programa. 

Throughout the new Teacher Education Policy is an Increased 
vnphaele on the partnership between local school systems and 
Inatltutlona of higher education. Mentor tetchera and principaia in 
local achooia will play a Key role in determining the practical skills 
needed by teacher candidates. Faculty from institutions of higher 
education will spend increased time In achooia working with teacher 
candidates and assisting mentor teachera. 

The firat phase of implementation — developing competency 
standards for licensure, guidelines for induction, new program approval 
standards, and a program for recruiting well Qualified students, 
especially minority students — is underway. On November is, 1986. the 
State Board of Education, In consultation with the Commissioner of 
Education and the Tenneeeee Higher Education Commission approved 
implementation recommendationa from the Adviaory Council on Teacher 
education and Certification in two areas: (1) iicenaure atandarda and 
(2) induction guidelines. 
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The Procoae 

The Advisory Council on Teacher Education and Certification, 
appointed by the State Board of Education, was eftarged with the task 
of fashioning a s-t of recommended standards and guideline* for the 
implementation of the new Teacher Education Policy. The Advisory 
rfV^l? orgenttod a number of ad hoc committees involving more then 150 
individuals to assist in this process. As esch of the ad hoc 
committees completed its work, the Advisory Council too* preliminary 
action and distributed draft recommendations statewide for comment 
prior to making its final recommendations to the State Board of 
Education. 

Ml „ ,W8 ' lnd •°*' n ln September, 1988, the Advisory Council 

distributed ststewide recommendations in two sreas, CD licensure 
V^P ?™*? «) induction guidelines. The public commented on the 
final recommendations through s series of nine public forums held 
October 10-24 end by contacting directly the Advisory council staff 
Ths final implementation recommendations incorporate many of the 
suggestions received. 

Draft recommendations for other sreas of initial licensure 
(special education, occupational education, physical education, and 
health) are being developed along with procedures for approval of 
teacher education programs and evaluation of teacher candidates and 
teacher education programs. These recommendations will be distributed 
for comment curing 1968*89 the school year. 

What follows is an outline of the policy. Progress oward 
Implementation in each area la noted by an asterisk. 

Recruitment. AOni ssion. snd Retention of Teachers 

Tennessee like other states must attrsct wail qualified and 

committed individuals to the teaching profession. Competitive ssiaries 
improved working conditions, snd strengthened teacher preparation 
programs will stimulate grester interest in ts aching as s career. 
However, other actions are also needed if coiiegea/unlversltles are to 
prepay a iarper number of well Qualified beginning teachers for our 
schools. 

Ths Teacher Education Policy specif fss the following goals- 
iTT^SST^ mjnbar of •cademically talented students who enter 
lE^T J?f* ,ncrMM ™**" r of minorities, especlslly biacka, 
who enter tescher educe t ion; ensure an adequate distribution of 
prospective teechsrs across subject areas; and increaee the pool of 

t!!S7 r ^fV <0 . n • tUdMtl wf » sno * pawnee of commitment to 
teaching and to the development of children and young people. 

* The Advtery Councfl developed receeasndauons regarong edesston to 
teacher education progress; tte recoaeandatlona wars approved by the 
State loard of Education on Septeaber 30, 1988. 
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* The tiftortty Teacher Task Feree has proposed a eeriee of bold 
strategies for recruiting end retaMig rthorlty teachers. 

Curriculum 

All prospective ttichtri wilt complete an enhanced curriculum 
developed by institutions of higher education and com, latino of three 
componente: e general education core, a professional education core, 
and an academic major. The general oducatlon cor a curriculum will 
constitute approximately 60% of the 120 sameater hour minimum required 
for a baccalaureate degree, Tha major, an integrated, eequential 
program of study t will constitute no more thar 30% of the curriculum. 
The professional education core win comprise the rest of the 
curriculum and em Incorporate recent reaee/ch on teaching and 
learning* 

Institutions of nlgher education are responsible for developing 
the major and organizing the course work, which is to be taught 
primarily by faculty in arts and sciences disciplines or by other 
faculty for vocational areaa. Teacher candidates will have adequate 
advisement In both professional education and the major. 

Licensure 

New licensure standards In the three curriculum components will be 
based on knowledge and skins expectw of teachers seeking initial 
licensure. The knowledge and skills were developed by ad hoc 
committees including 160 educators from local school systems and 
institutions of higher education. 

* Tha knoeiedg* and a*as art set forth * tha new Seaneure standards. 
Other •censure areaa and tha standards for add-on ando n eae nt s wo be 
addressed fei the ooatog year. 

Colleges and universities will have the responsibility to design 
programs of study for the attainment of the knowledge and skills by 
teacher candidates. New forma of teacher candidate assessment win 
need to be developed. 

* The Advisory Couriers ad hoe eoasnttee en evataatton la considering 
several approaches for a sssseo s nt of teacher candidates. 

induction Into the Profession 

The policy calls for strengthening the practical experience of 
teacher candidates. Teacher eandldatee will undertake either (1) e one- 
year* paid Internship following the attainment of the baccalaureate 
degree, or (2) an enhanced student teaching experience of a full 
semester ae part of the undergraduate program followed by a beginning 
teacher program to provide support to the new teacher during the f irat 
year of employment. Both concepts wilt be piloted and carefully 
evaluated before a Mela Ion la made ae to which approaches) are 
appropriate for Tennessee* Each of these new programa anticipate a 
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n«« partnership between Institution* of higher education and local 
school systems. 

TM policy also calls for the development of post-baccalaureate 
teacher education programs to prspara highly Qualified candidates who 
slrssdy hold baceaiaureate degreee Put hava not pravlousiy completed 
taschar preparation, Taachar oandldataa must demons* ste tha 
knowledge and stems out H nod in tha now curriculum and complete sn 
induction experience comparable to that raquirsd of othar candidates. 
Thasa programs win also Pa Piloted and evaluated. 



Teacher Education Program Approval 

Procedures for approval of teacher education programs will 
include two processes by which institutions of higher education may 
gain state approval. Approval will be based either upon NCATE 
accreditation or comparable state standards. State approval la alao a 
part of the NCATE approval process. Approved programs must ensure 
tnst teacher candidates have opportunities to attain the specified 
knowledge and skills, have internship or student teaching experiences* 
snd meet other guidelines established by the Stste Board of Education- 

Continuing approval of a teacher education program win be baaed 
upon CD continuing NCATE accreditation or atate approval, (2) the 
performance of an institution's graduates, and (3) evidence that the 
institution la evaluating the performance of Ita praouatee and using 
this Information to Improve Ita programs. 



Tha Advisory CouncTa cd hoc ooaefttee on proves approval la 
ds y ato pfrg procedures to acconpBsn tha new eethods of approving 
teach** education prograe*. 

TMa cowwtt— la alao ed*essmg tha laws of ^proving reefcroctty 
between Tennessee snd othar otatea for teachers. 



State funding will include financial aupport for induction pilots. 
In the Internship pilots. Interna win receive a atlpend and mentor 
teachers will use released time and/or receive compensation for work 
with interna. In enhanced student teaching pi iota, cooperating teachers 
will receive eompenaation for supervision of student teachers. In the 
beginning teacher program pi lota, mentor teacher a will uae reieaaed 
time and/or receive eompenaation. 

Funding mechanisms for institutions of higher education will be 
reviewed regarding financial aupport for (1) the assignment of faculty 
to Internship programs, enhanced student teaching programs, and other 
off-campus activities In schools, (2) Institutional performance 
incentives for improved teacher education programs, end (3) incentives 



Ortdteies for mtemsh*, enhanced student teaching, beglnrthg teacher 
prograia, and poet-baccalaureate process sere approved by the State 
Board of education on November IS, iaa& 



Funding 
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to attract Mil ouoiifiod toacitor candidataa* aapocially wiocfc twcntr 
candidatas. 

tflptwtftti tion and Evaluation 

imptomontatlon of tho now TMcntr education Policy lo won 
tmdorway. Tho now policy wilt bo phaaod in ovar tho wt oight yoars in 
ordor to provtdo an opportunity to toot tfto offoctivonoao of tna 
induction ffooota. Now uconauro standard* will bo te^iamantad baginning 
In foil 1090. Candidates must moat trio now curriculum standards 
beginning witn thoaa who complota coursa work In spring 1094. Program 
approval wilt bo basod noon tna now standards boglrwimg In fall 1990. 
institutions wishing to moot tM now standards oariiar than thoso 
datas will bo oncouraood to do so. Plana for othor nconaura araas win 
bo davaiopod and adoquato tlno alii bo aiiowoa for planning ami phasa- 
in for atudonts airaady onroHod. 

Tho induction modal piiota win bo implomantod beginning fall 1989- 
90 and will bo avaiuatod oontimioualy. In 1090*90 tho total pton will bo 
avaiuatod and docialona mada r agar ding which approaches) to induction 
aro appropriate for continuod or expanded implementation. 



Ths Advisory CouncT* ad hoc eo—Htos on evafcatton w dsvetopmg 
for dwi tout pton svatisosn. 
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Ms, Lloyd. Dr. Farmer, we certain appreciate your insight, your 
ability and your excellent presentation. All three of you are excel- 
lent witnesses. I also took note of your suggestion of tuition free 
refresher programs for our teachers so they can go back to school 
and enhance their skills. That is a point well taken. 

Do you believe that the basic science requirements, Dr. Farmer, 
are adequate for teachers today at the elementary level? I am 
rather disturbed that perhaps our elementary teachers are not get- 
ting a sufficient background in the sciences. 

Dr. Farmer. Do I personally think they are adequate? 

Ms. Lloyd. Yes. 

Dr. Farmer. If 1 had had my way they would have been stronger, 
but I did not. We, however, have new standards that are being im- 
plemented. And whether they are adequate or not will depend 
upon the interpretation of the colleges. As 1 understand the new 
standards, each college that has a teacher training program will 
determine how to implement those standards. Hie framework is 
definitely there to have a strong science program, but it is written 
to where it depends on the interpretation of the college. 

Ms. Lloyd. Are education mayors required to take more science 
perhaps than a liberal arts or a business m^jor? 

Dr. Farmer. We will not have education majors, as I understand 
it, at the high school level. Is that where you mean, the 9 through 
12 program? 

Ms. Lloyd. Yes, uh-huh. 

Dr. Farmer. There will not be education majors with the new 
standards. They will have to major in a discipline. 
Ms. Lloyd. They major in a discipline. 
Dr. Farmer. Yes, rather than education. 

Ms. Lloyd. Ms. Brown, looking at your— listening to your testi- 
mony, what is the degree of interest in science in your students. 
Do they come to you excited or is this something that you have to 
instill? Is this something that you have to require — that you have 
to instill? 

Ms. Brown, It varies a great deal. We do have some students 
who come who are interested, but the majority are not. 

Ms. Lloyd. Is this an inquisitive mind or is it parents that ar • 
better than average in instilling love of education in their students 
or is it television? 

Ms. Brown. I do not know, I am sorry, I cannot answer you. 

Ms. Lloyd. I would like to ask all three of vou what we could do 
to help generate interest in science and math in the K through 6 
area. 

Mr. Rogers. I would like to try and answer that if you do not 
mind. My own view of that is, using another anecdotal comment, is 
pretty colors and loud noises and tod smells. That is kind of what 
fires kids up, that keeps them interested. It may sound very trite, 
but those kinds of things that any individual can do to try and in- 
still that excitement or just keep it going. By the time we get them 
at the high school level, if it is not there we are not likely to rekin- 
dle it. So if you take — someone mentioned earlier today those three 
year olds and four year olds that are still filled with the wonder- 
ment of everything that is around them and somewhere early on in 
their educational career they lose that. I like to think that rather 
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than our killing that interest in them, that we force its replace* 
ment with our emphasis on other things. 

Getting back to some of my comments earlier about the national 
agenda, that thing that is attracting mast attention these days, one 
among many I guess is the deficit. We are losing our kids to MBAs 
and that sort of thing. And they are buying— people are buying 
their contributions to the human race, as it were, and we do not 
have the— something like the work ethic that indicates that people 
have a responsibility to the rest of the human race to try and do 
things to make it better along the lines of the sciences, not to say 
that we are becoming a devoid people or anything like that, but sci- 
ence is just not the place that people are choosing to make their 
contribution. One of those reasons being there is no money in it 

Again, let me re-emphasize, elementary school kids, we need to 
deal with them and I think that we need to better prepare our ele- 
mentary school teachers in whatever way we have to do it. 

Ms. Lloyd. Thank you very much. Mr. Schiff. 

Mr. Schiff. Mr. Rogers, I hate to say it, but there is not a lot of 
money in being in Congress. Hopefully we are making a contribu- 
tion. 

Actually, Madam Chair, I just thoroughly enjoyed the testimony 
from all three witnesses. I am very interested in the promotion of 
education, particularly scientific education and I am pleased to 
hear from three outstanding educators. Really there is nothing 
more I could add or ask. Thank you. 

Ms. Lloyd. Ms, Brown, Mr. Rogers, Dr. Farmer, we thank all 
three of you for your input and your insight and thank you also for 
caring about our young people. That is so important to us. 

Our last panel may be the mast exciting because these three wit- 
nesses are the current students that are participating in the DOE 
lab programs at Oak Ridge National Laboratory, Jennifer Ethridge 
is studying mathematics at Roanoke College and I have here that 
Jennifer lives in the Third District in Oak Ridge. Next we have 
Teresa Kowalski, a geology major who just graduated from the 
University of Pennsylvania and will start graduate school at Arizo- 
na State University in the fall. And Miguel Rodriguez is a microbi- 
ology student from the University of Puerto Rico. We thank all 
three of you for being here. Ms, Ethridge, will you begin? 

Panel f> 

STATEMENTS OF JENNIFER A. ETHRIDGE. STUDENT; TERESA E. 
KOWALSKI, STUDENT AND MHJUEL RODRJGUEZ-VELEZ, STUDENT 

Ms. Ethridge. They were obviously right before when they were 
talking about the Levis, this is how I went to work this morning. 

Actually I want to apologize first for coming so unprepared, be- 
cause I did not know for certain until this morning that I would be 
here. When I was asked to come make this statement, I was a little 
hesitant because— well I will cover that later and 1 think you will 
understand my hesitancy when I continue. Like I say, I did not 
decide until this morning that I would be here. 

To introduce myself briefly, I am a junior at Roanoke College in 
Salem, Virginia and I graduated from Oak Ridge High School in 
Oak Ridge, Tennessee. My calculus teacher, Juanita Albert, was 
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one of the main influences upon my decision to become a math 
major. I never met a teacher like her before and I have not since 
and I do not expect to. She is the type who can make learning 
math almost fun. If I try to describe her, I do not know how. She is 
almost eccentric and I think that is important. Like you were 
saying before like the boom and the colors and everything. You 
need personality in your teachers, because no matter how much a 
teacher knows, if they do not have the personality, then kids are 
not going to pay attention. And Ms. Albert had the personality and 
the knowledge. 

So I am a math m^jor. It is just something that I have done for 
so long, I cannot imagine not doing it. Math is something that I am 
naturally able to do well and I also find it fascinating. But I also 
have another major, philosophy and religion. This is actually 
where my heart is and this is not just something I do, this is what I 
want to do and this is why I was a little hesitant to come because I 
was not sure how related it would be. 

I thought it would be very unlikely for me to find a summer job 
or internship in philosophy or religion, so I fell back on my math. I 
had never thought to work through ORAL before, frankly I am not 
sure I had ever heard of it, but until last fall when he decided to 
work in the private sector my father worked for ORNL and it was 
his idea that I should try to work there for one summer. So last 
summer I did, but I worked directly for ORNL, I was what they 
call a junior student trainee which basically meant that I was out 
there to learn and they did not expect much from me tangibly, 

I worked under Dr. Mike Heath in the Engineering Physics and 
Mathematics Division at Y-12. I had no idea what to expect, no 
idea what I would be doing, but I did expect that computers would 
be involved in some way. Not only were they involved in some way, 
my whole summer was spent facing the computer trying to coax it 
into drawing pretty pictures for me. My project was to write a pro- 
gram using sun tools on a sun work station, to draw a graphic ani- 
mation of parallel algorithms. It took all summer for me to figure 
that out—it took a little while for me to figure out what they were 
talking about. 

I certainly did learn a lot. I had to learn how to use the UNIX 
system, how to program in C, to use a sun work station and finally 
to use the sun tool graphics. I came with no experience or knowl- 
edge of computers or programming beyond a computer science 101 
course. 

Much to my surprise, 1 did accomplish the goal and write the 

?>rogram. It makes a fun demonstration with lots of circles and 
ines blinking off and on. It was a nice feeling to watch that and 
know that I had done it, but I was not sure whether the struggle 
and frustration I had gone through were worth it. Nevertheless, I 
thought I would do it again this summer and Mike suggested that I 
apply to ORAL. I did, was accepted and assigned again to Engineer- 
ing, Physics and Mathematics with Mike as my supervisor. And I 
just began last Monday. 

At the moment I am learning to use the X-window system and I 
will rewrite the program that I wrote last summer this time using 
X instead of sun. And beyond that, I am not real sure about what I 
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will be working on except that I know it will involve graphics and 
it will involve the X tools. 

This summer will definitely be my last* I plan to go to summer 
school next year at Roanoke. I want to graduate a semester early, 
in December of 1990 and then go on to graduate school, hopefully 
at Duke. I plan to continue studying religion, perhaps philosophy 
and most likely mathematics. It may take awhile for me to get 
through but I cannot imagine leaving one of those subjects behind. 

I do not expect ever to program again, as much as I have learned 
from my work and as much as I feel I have accomplished, I will be 
quite happy leaving it to someone else. I have discovered that com- 
puters and I do not get along well and the area in which I am 
doing my internship is not one in which I would like to be for long. 
In fact, my long term career goal is to become a novelist. I also 
plan to teach at the college level. 

My dissatisfaction with my work is in no way a reflection on 
ORAL or ORNL. All the people I have worked with have been very 
helpful and encouraging and I would recommend the program to 
any student who has a serious interest in the sciences. It provides a 
wonderful experience in active research. I simply had little interest 
in the area of my research. 

Thank you, 

[The prepared statement of Ms, Ethridge follows:] 
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S a bco mmte ce on Energy Research and Development 
CommKtreoo Science, Space, fad Technology 
B-3VI Raybwa House Office Budding 
Washington, D.C 20515 



Jennifer Ami Etheridge 
Oak Ridge, Tn 37830 



My testimony will be m the form of a personal account i win begin with a brief imroduction of myself as • 
student end proceed to give an ficcoonf of bow ! came fi» where I em sow, where that is and wbcre I would 
ItetDgoflnanhcie. 

I am • fanior *t Retook* College is Sstem . Va I graduated from OA Ridge High School in Qsk Rkfee, 
TN in June of 1987. My cafcuhxs teacher, Junnita Aitet, was one of foe major influences upon my decision 
to become a math major, 1 tad never met a teacher like her before and have not since . I do not expect to. 
She is the kind of teacher who can make teaming mash (fttaost) ftm. 

So, dye to die influences of Mrs Albert and my father, who received his degree m Mathematics, and my 
advanced placemen! (when I catered Roanoke. I was already a third of the way through the major) I now 
have a major in mash, It is something that I have been doing for so long dial ! can not imagine not doing a. 
I am intfurally able to do it well and I also find it fascinating (especially when 1 come up with the right 
answer.) 

But I also have another major, Phtksophy/ReMgksi. This is where my heart t& This is not just something 1 
do but what I warn to da However, I thought it would be very unlikely for me to find a summer job or in- 
ternship in Philosophy or Religion (especial ly one that would pay well) So 1 fcU back on my math . 

1 had never thought to apply to ORAU (Oak Ridge Associated Universities.) Frankly, 1 am not sure 1 had 
heard of it But until last Fall, when he decided he wanted to work in thne private sector, my father worked 
at ORNL (Oak RWge National Laboratory.) It was his idea tat 1 should try working at the plants for a 
summer. So last summer I did. I worked for ORNL as a junior stadem trainee, which basically meant that 1 
was out ther to learn and they really expected imfc fiom me that could be of 

was looked upon as a cornmsnity service on their pan.) I worked under Dr. Mike Hea& in Ac Engineering 
Physics and M at hem a tics division at Y-12. i had no idea what to expect no idea what I would be doing. 
Bm I suspect that computers would be involved in some way. (Mathematicians often end up in comput- 
er science.) Involved hi some way! My whole summer was spent being a computer trying to cons it Into 
drawing pretty pictures forme My project was to writt a program using Sumoo* s on a Sun Workstation to 
"draw" graphical animation of parallel algorithms. It took all summer for me to figure that oat! I certainly 
did Seam quae aba (no pun intended) I had to team how to use the Unix system, to program in C, to use a 
Sun Workstation and finally so use the Suntool Graphics. 1 came to the job with no experience or 
knowledge of computers or programming beyond a computer science 10! course. 

Much to my surprise, 1 accomplished the goal (t have been told that 1 actually accomplished more dam they 
had expecsedJ) and wrote the program. U makes a fun demonstration with lots of circles hUnkfaig orT and on 
and lines being drawn between them. It was a nice feeling to watch thai and know that 1 had done it But I 
was not sure whether the struggle and frustration I had gone through were worth it I had discovered that 
programming was certainly not my future career. Nevertheless I thought 1 would do it again this summer, 
Mike suggested that 1 apply to ORAU, 1 did, was accepted, assigned again to EWtM with Mike as my su- 
pervisor and began Monday, May 8, At the moment 1 am teaming to use X Windows and XTooJs and 1 will 
rewrite the program using XTocis that 1 wrote last summer using Sumools. Beyond this, ! am as yet unsure 




ERIC 



368 



.2- 



abom ibe project on which J will be waiting, ihoogfct fed certain dttl a will mvohr© graphics and XTook, 

This summer wfll de^nisdy be aiy last at the plants ! plan to go IP summer school at Roanokr next year, 
graduate a semester early, in December of 1990, and go on to graduasc school hopefully ti Duke 1 fruver*- 
ry. I ptaa to continue stndyrng Religion, perhaps Pbitosopfey and most likely Mathematics U may take a 
while but I can not imagine leaving one of then bti^Aldon^ta^aaem^pnpmatt^Mnm^^ 
I have learned from my wit and as much as I foci I have accomplished, 1 will be quite happy leaving the 
programming of computers up so someone eke, I have discovered that corapuien and 1 do not get along 
wcD and the area in which 1 am doing my internship is not one in which I would kike to be for long. In fact 
my long term carter goal ts to become i novelist I also plan to teach at the college levd. 

My dissatisfaction wnb my work » in no way a reflection on ORAU or ORNU All of the people 1 hare 
worked with have been very helprpi and encouraging, t woiJdroccniinend the program to any smdent who 
has a serious interest in the sciences. It provides a wonderful experience in active research. 1 simply have 
little interest m the area of my research and my placeman! in this area was requested 

I nope my testimony will *e of help. 1 enjoyed the opportunity and appreciate the honor. If there are any 
further questions, 1 would he glad to answer them and can be reached at Home 

IttEUioU Circle 
Oak Ridge, TO 378*0 
(615)483-8971 

uahl the end of August and at school 

Boa 469 

Roanoke College 
Salem, VA 24153 

throughout the school year. Thank you. 
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Ms. Lloyd. Thank you. Teresa. 

STATEMENT OF TERESA E, KOWALSKI 

Ms. Kowalski. As a Califorria 

Ms, Lloyd. You have to get that real close to you, hon. 

Ms. Kowalski. As a California University of Pennsylvania stu- 
dent, I have had the privilege of participating in the Oak Ridge As- 
sociated University internship program, both on an undergraduate 
and a graduate level. 

Ms. Lloyd. Teresa, excuse me, I believe you are going to have to 
move the microphone in just a little closer. 

Ms. Kowalski. Okay. Is this better? 

As an undergraduate majoring in quantitative geology, 1 was se- 
lected for a chemistry internship by Morgantown Energy Technolo- 
gy Center in Morgantown, West Virginia, due to my diverse scien- 
tific and mathematical background. At the graduate level, based on 
my academic and previous internship performance, I was selected 
by Martin Marietta Energy Systems for their Hazardous Waste Re- 
medial Actions Program in Oak Ridge, Tennessee to work under 
the supervision of their chief hydrogeologist. 

During my internship at Morgantown, J worked for the Fuel Sci- 
ence Branch under division chiefs John Kovach and Jan Wachter. 
While working in the Fuel Branch* I conducted research with Dr. 
Rashid Khan in the mild gasification of coalfields. I took part in 
research involving the devolatilization of coal, enhancement of 
liquid fuel from coal tar, uses of coal char as a fuel, processes to 
minimize caking of coal in reactors, fluidized bed techniques used 
in the process of mild gasification and the set up and running of an 
entrained flow reactor for mild gasification of coal and tar recov- 
ery. 

While working with Dr. Khan, I gained valuable knowledge of 
laboratory equipment and procedures not accessible to me through 
the regular college curriculum. Equipment I worked with included 
the high pressure microdilatometer, thermogravimetric analyzer, 
slow heating rate organic devolatilization reactor, statistical ana- 
lyzer systems and the digitizer graphics syjtem. 1 gained a working 
knowledge of extraction as well as sample preparation procedures 
valuable in the professional world. Also during my year's stay at 
METC, I helped develop a sample drying procedure which is cur- 
rently in use. I was singularly responsible for inventory, cataloging, 
sending and receiving of all samples and data information. 

I also had the opportunity to attend several seminars and confer- 
ences that took place throughout that year. At these functions, I 
was able to gain information and insight into other aspects of the 
field of fuel science by hearing reports from others working in re- 
lated areas. Also during the year, I was tutored in the proper waste 
disposal techniques, health and safety techniques, and proper 
sample storage techniques. Some added benefits I received was I 
had the opportunity to co-author a peer journal paper which was 
published with me being an undergrad, which is a significant point 
because most undergrads are not published. It was a really major 
event in my academic careen Incorporating art work into my job 
by creating a cartoon for a presentation which was later used by 



ERIC 



3f>4 



370 

another colleague. And I was certified by the Federal Women's 
Program for attending a seminar for training. 

During my present internship at Oak Ridge, I work for the 
HAZWRAP group under the supervision of Mark Nickleson, who is 
our chief hydrologist The work performed by HAZWRAP involves 
the management of Air Force base, Air National Guard base and 
Naval base remediation of potential hazardous waste sites under 
CERCLA. In addition to working for Mark Nickleson, I also work 
for Chuck Swinney, who is a project manager on one of the Naval 
projects in San Diego. 

Additional work accomplished thus far includes the learning of 
PC softwares such as Lotus, Harvard Graphics, Multimate and 
WordPerfect. I have developed Lotus worksheets for level of l ilort 
on tasks for individual sampling tests such as groundwater su» »• 
pling, that will be implemented for use throughout the program. I 
also am developing further computer support systems in the Lotus 
worksheet format which will be also implemented. During my stay 
I will implement these programs. 1 have also worked with comput- 
er graphics for cover sheets and participated in seminars such as 
Borehole logging and WordPerfect training and these have been in- 
corporated into my work. 

Further activities shall include travel to a site to observe field 
work. I also plan to attend a preliminary assessment meeting re- 
garding future site activities. I hope to acquire knowledge about 
procedures for handling site remediation which might in the future 
be applicable to private remediation as well as the present Federal 
remediation that is going on. 

In closing, I would like to say that these internships have ex- 
posed me to both research and development a? well as managerial 
aspects of the applied basic science. 1 have gained discipline in the 
laboratory setting through METC and learned an understanding of 
the need for management of field research through HAZWRAP. 
From the recognition acquired through these internships, I was of- 
fered and have accepted a position at Arizona State University for 
the fall. Through both internships I have obtained a professional 
reputation which will benefit me in th" acquisition of a career posi- 
tion at a future time. I now, through these internships, possess a 
professional knowledge and attitude which will be an asset to my 
career. 

Thank you. 

[The prepared statement of Ms. Kowalski follows:] 
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To: U.S. House of Representatives 
Committee on Science, Space, and Technology 
Subcommittee on Energy Research and Development. 



From: Teresa E. Kowalski 

Participant in Oak Ridge Associated University Internship Programs. 



Subject: Testimony on behalf of National laborotory Internship Programs. 



As a California University of Pennsylvania student, I have had the 
priviledge of participating in the Oak Ridge Associated University 
Internship Program, both on an undergraduate and graduate level. As an 
undergraduate majoring in Quantitative Geology, I was selected for a 
chemistry internship by Murgantown Energy Technology Center (METC) in 
Morgantown, West Virginia, due to my diverse scientific and mathmatical 
background. At the graduate level, based on my academic and previous 
internship performance, I was selected by Martin Hariette Energy Systems, 
Inc. for their Hazardous Waste Remedial Actions Program (HAZWRAP) in Oak 
Ridge, Tn., to work under the supervision of the chief HydrogeologJst. 

During my internship at Morgan town, I worked for the Fuel Science 
Branch under division chiefs John Kovach and Jan Wachter. While working 
in the Fuel Branch, I conducted research with Dr. K. Rashid Khan in the 
field of Mild Gasification of Coal. I took part in research involving 
the devolitil ization of coal, enhancement of liquid fuel from coal tar, 
uses of coal char as a fuel, processes to minimize caking of coal in 
reactors, fluidized bed techniques used 1n the process of mild 
gasification, and the set-up and running of an entrained flow reactor for 
»1ld gasification of coal and tar;, recovery, 

While working with Dr. Khan, I gained vaulable knowledge of 
laboratory equipment and procedures not accessable to me through the 
regular college curriculum. Equipment I work with included the High 
Pressure Hicrodilatometer (HPMD), Thermogravimeteric analyzer (TGA), Slow 
Heating Rate Organic Devolitil ization Reactor {SHRODRJ, Statistical 
Analyzer Systems (SAS), a, id Digitizer Graphics System. 1 gained a 
working knowledge of extraction as well as sample preparation procedures 
valuable in the professional world. Also during my year's stay at METC, 
I helped develop a sample drying procedure which is currently in use. I 
was singularly responsible for inventory, cataloging, sending and 
recieving of all samples and data information. 

I also had the opportunity to attend several seminars and conferences 
that took place throughout that year. At these functions, I was able to 
gain information and insight into other aspects of the field of fuel 
science by hearing reports from others working in related areas. Also 
during the year, I was tutored in the proper waste disposal techniques, 
Health and Safety techniques, and proper sample storage techniques. Some 
added benefits i.xlude: 

o a co-authorship of a peer journal paper, 
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0 incorporating art work into my job by creating a cartoon for a 
presentation which was later used by another colleague 

o certifcation by the Federal Women Program by attending a seminar. 

During my present internship at Oak Ridge, ! work for the HAZWRAP 
group under the supervision of Mark Nickleson. The work preformed by 
HAZWRAP involves the management of Air Force, Air National Guard, and 
Naval base remediation of potential hazardous waste sites under CERCLA, 
In addition to working for Hark Nickleson, I also work with Chuck 
Swinney, a project manager on a project in San Diego. 

Additional work accomplished thus far includes the learning of PC 
softwares (Lotus, Harvard Graphics, Multi-Kate, and Word Prefect). 1 
have developed Lotus worksheets for Level Of Effort on tasks for 
individual sampling tests {i.e. Groundwater sampling) that will be 
implemented for use throughout the program. 1 have also worked with 
Computer Graphics for cover sheets. Participation in seminars such as 
Borehole logging and Word Prefect training have been incorporated into my 
work. 

Future activities shall include travel to a site to observe field 
work. I also plan to attend a Preliminary Assessment Meeting regarding 
future site activity. I hope to aquire knowledge about procedures of 
handling site remediation which might at a future time be applicable to 
private remediation as well as the present federal remediation. 

In closing, these internships have exposed me to both research and 
development as well as managerial aspects of applied basic science. 1 
have gained discipline in laboratory setting through HETC, and learned an 
understanding of the need for management of field research through 
HAZWRAP. From the recognition «~iired through these internships, I was 
offered and have acepted a position at Arizona State University for the 
fall. Through both internships I have obtained a professional reputation 
which will benefit me in aquisition of career position at a future time. 
I now possess a professional knowledge and attitude which will be an 
asset to my career. 
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Ms. Lloyd. Thank you very much. Mr Rodriguez, 

STATEMENT OF MIGUEL RODRIGUEZ- VELEZ 

Mr. Rodriguez- Velez. My name is Miguel Rodriguez-Velez, I am 
currently a student at the University of Puerto Rico and will be 
graduating with a degree in microbiology in June. 

I learned about the ORSERS program when Dr. Braulio Jimenez 
from the Environmental Sciences Division of Oak Ridge National 
Laboratory came to our campus to interview candidates and speak 
of the program. I applied for the program, was accepted and am 
now working in the Environmental Science Division with Dr. An- 
thony Palumbo on a project funded by the National Science Foun- 
dation. 

The project is designed to determine what influences the recov- 
ery of ecosystems from disturbances such as floods* Eight artificial 
streams with different amounts of nutrient input and grazing pres- 
sure are being used for this study. My research project is on the 
recovery of the exoproteolytic activity in the artificial streams. Ex- 
oproteolytic activity is used as a measure of the activity of the bac- 
teria in the streams. 

Phytoplanktonic production or decomposition in natural waters 
is the ir^jor source of organic carbon and nitrogen for bacterial ac- 
tivity This materials, which consists of about 85 percent proteins 
and peptides is of high molecular weight and ran only be taken up 
by bacteria after exoenzymatic hydrolysis. 

A very sensitive method allowing determination of the rate of ex- 
oproteolytic activity is used in the artificial streams to measure the 
activity of the epilithic bacteria. The method is based on the use of 
lrleucyl-B-naphthylamide which rise to a fluorescent product upon 
hydrolysis of its peptide like bond. The rate that this hydrolysis ac- 
tivity recovers from the disturbance is used to assess ecosystem re- 
silience. 

My research project is challenging and interesting. 1 have 
learned new techniques and procedures and this research experi- 
ence has already helped me to achieve some of my future academic 
goals. I was accepted recently into the Doctor of Philosophy degree 
program of the Department of Microbiology of the Medical College 
of Ohio. My research experience gave me the laboratory skills and 
the scientific knowledge that I needed to qualify as a prospective 
graduated student. Working independently, and analyzing my own 
research discoveries has been a very challenging and interesting 
experience. 

Since English is not my native language, this experience has 
helped me improve my conversational and writing skills in this 
language. This experience has also given me the opportunity to 
benefit from the knowledge of people from different parts of the 
United States and other countries around the world. 

As a minority student, I am proud to be a representative of my 
Puerto Rican heritage. This experience has increased my interest 
in science and nourishes the hope of being able to make a contribu- 
tion to the future of this country. I think that the ORSERS pro- 
gram has reached out to help in the development of science stu- 
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dents in this country. It prepares better scientists and engineers 
who will be concerned with the progress of their society. 

Muchas gracias por brindarme la oportunidad de hablarles en el 
dia de hoy. [Thank you very much for giving me the opportunity to 
speak here today.] 

[The prepared statement of Mr, Rodriguez- Velez follows:] 
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My name is Miguel Rodriguez- Velea; I am currently a student at the 
University of Puerto Rico and will be graduating with a degree in 
Microbiology in June. 

I learned about the ORSERS program when Dr. Braulio Jimenez from 
the Environmental Sciences Division of Oak Ridge National Laboratory came 
to our campus to interview candidates ami speak of the program, I applied 
for the program, was accepted and am now working in the Environmental 
Science Division with Dr. Anthony Palumbo on a project funded by the 
National Sciencr Foundation. 

The project <s designed to determine what influences the recovery of 
ecosystems from disturbances such as floods. Eight artificial streams with 
different amounts of nutrient input and grazing pressure are being used for 
this study. My research project is on the recovery of the exoproteolytk 
activity in the artificial streams, Exoproteolytk activity is used as a measure 
of the activity of the bacteria in the streams. 

Phytoplanktonic production or decomposition in natural waters is the 
major source of organic carbon and nitrogen for bacterial activity. This 
material which consists of about 85% proteins and peptides is of high 
molecular weight and can only be taken up by bacteria after exoenzymatic 
hydrolysis, 

A very sensitive method allowing determination of the rate of 
exoproteolytic activity is used in the artificial streams to measure the activity 
of the epilithic bacteria. The method is based on the use of L-leucyl-B- 
naphthylamide which gives rise to a fluorescent product upon hydrolysis of its 
peptide like bond The rate that this hydrolysis activity recovers from the 
disturbance is used to assess ecosystem resilience. 

My research project is challenging and interesting. I have learned new 
techniques and procedures and this research experience has all ready helped 
me to achieve some of my future academic goals* I was accepted recently 
into the Doctor of Philosophy Degree Program of the Department of 
Microbiology of the Medical College of Ohio. My research experience gave 
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me the laboratory skills ami the scientific knowledge that I needed to qualify 
as a prospective graduated student Working independently, and analyzing 
ray own research discoveries has been very challenging and interesting 
experience. 

Since English is not my native language, this experience has helped me 
improve my conversational and writing skills in this language. This experience 
has also given me the opportunity to benefit from the knowledge of people 
from different parts of the United States, and other countries around the 
world 

As a minority student, I am proud to be a representative of my Puerto 
Rican heritage. This experience has increased my interest in science and 
nourishes the hope of being able to make a contribution to the future of this 
country. I think that the ORSERS program has reached out to help in the 
development of science students in this country. It prepares better scientists 
and engineers who will be concerned with the progress of their society. 

Muchas gracias por brindarme la oportunidad de hablarles en el dia de 
hoy, (Thank you veiy much for giving me the opportunity to speak here 
today.) 
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Ms. Lloyd. Thank you. Mr. Schiff. 

Mr. Schiff. Thank you, Madam Chair, for the privilege of going 
first. I did request to do so which is out of our ordinary order, for a 
couple of reasons. 

First Ms. Ethridge, I want to tell you, you do not owe anybody an 
apology for anything. I do not think in this program we believe 
that everyone admitted has to turn out to be a NASA rocket scien- 
tist By the way you obviously have the talent to do that or you 
would not be in the program. But you do not owe anyone an apol- 
ogy for having other interests. 

l am a social scientist myself and some of the physical scientists 
ridicule that term "scientist" when I use it. 

There are other reasons for promoting scientific education. One 
is the more the general populace knows, the more the information 
is spread out and around and so forth. I do not know if you heard a 
witness we had earlier talking about stereotyping women and mi- 
norities, especially women, in science that said the first thing they 
want to have when a little girl comes home from elementary school 
and says to her mother, I do not know how to do my math home- 
work, we do not want the mother to say go ask your father. So you 
see, you **-,ve already crossed that line right there. 

Secona of all, you said the magic words to me. You said gee, I 
thought this summer I could get a job in mathematics faster than 1 
could get a job in philosophy or religion. The reason in my mind we 
are promoting scientific knowledge is not just for science's sake, 
but I think that is where the future jobs and employment a" Tf 
you are able to get a job as a novelist I think that is wonder it 
the day could come in your future where whether that is your pri- 
mary interest or not, you may need to be working in the scientific 
community. 

You owe nobody an apology for anything. 

The other very brief thing, Senor Rodriguez, I have the opposite 
situation, I am originally an English speaker who moved to an area 
of which the Hispanic population is 50 percent of the State. So you 
needed to learn English, I needed to learn to speak Spanish, so I 
certainly understand what you said. Muchas gracias for that, 

I just have one area of questions. I am not familiar with the pro- 
gram and I would just like to ask briefly did you compete with 
other students to be in this program? Just briefly any one of you— I 
assume it is the same program more or less, although in different 
fields. With whom did you have to compete and how did you get 
selected? 

Ms. Kowalski. Well, I do not know if it is the same program as 
them, the Oak Ridge Associated Universities internship program, 
which I applied for, we filled out an application and we submitted 
our academic records and recommendations from faculty members 
or community members for the position. We also briefly enclosed a 
statement of goals, which was also included in the application. So 
basically it was a recommendation and academic standing that got 
us the position. 

Mr. Schiff. Do you have any idea, Ms. Kowalski, how many— for 
the position you got, how much competition was there, how many 
other students do you believe applied that were not selected? 

Ms. Kowalski. For my present position? 
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Mr. Schiff, Yes. 

Ms. Kowalski. There was five other applicants, and 1 am a 
recent graduate. I graduated with my degree in December but to be 
a graduate student and be accepted that quickly is pretty phenome- 
nal. In my previous position 1 believe there was 25 other appli- 
cants. 

Mr. Schiff. For how many positions? 
Ms. Kowalski. For one. 

Mr. Schiff. For one. So you had to be the best of 25 to be select- 
ed. 

Ms. Kowalski. Yes, sir. 

Mr. Schiff. It is actually a job as well as— I am trying to picture, 
it is a job, it is not just an educational grant? You are supposed to t 
except at the very beginning as described by Ms. Ethridge where 
you are just trying to learn, you know, where the hallways are, you 
are expected to perform and do something in the programs? 

Ms. Kowalski. Yes, sir. We have—well presently in my position, 
I am responsible for several iobs that I have to do and I am given 
chores that I have to do for different people, and it is my responsi- 
bility to find out how they want them done and present them in a 
manner to which they want. 

Mr. Schiff. And your specialty is geology, is that correct? That is 
what we have listed here. 

Ms. Kowalski. Yes, sir, I am going to be— I hope to obtain my 
Masters degree in hydrogeochemistry, which is a groundwater 
field. 

Mr. Schiff. Madam Chair, I just want to conclude by saying that 
first of all if any of these three young people want to go on to 
become NASA rocket scientists, that is okay with me too. But 1 
also want to observe, you know, when we are talking about science, 
we have talked an awful lot about physics and that is maybe be- 
cause Dr. Trivelpiece was our first witness. And I want to point out 
that I am glad that mathematics and geology and microbiology are 
getting into the scientific subject matter also. 

Ms. Lloyd. Thank you, Mr. Schiff. And I want to apologize for 
not letting you lead out earlier. I got into it and it was not my in- 
tention, so I publicly apologize to you. 

How did you students find out about the programs? 

Ms. Ethridge. I have lived in Oak Ridge all my life, so I basical- 
ly — well not all my life, but most of it 

Ms. Lloyd. You grew up with the program? 

Ms. Ethridge. Right. My dad worked in the plant, so I— but to be 
honest, I did not know much about ORAU. I know that at Roanoke 
College in the math department we have a bulletin board and we 
do have pamphlets on it, but I am the only student I have ever 
seen to even look at the bulletin board, so I do not know how many 
others actually know about it And I only knew about it because I 
live in Oak Ridge* 

Ms. Lloyd. Well Jennifer, let me say to you that even though at 
this time you may not think that is the area you would like to go, 
you never know when fate may change your lifestyle. I was an 
English major and who thought that I would end up chairing an 
Energy Subcommittee. And I nave had to dig, I have had to study 
hard, it does not come easy. But there are very few of us on this 



ERIC 4 f 3 



S79 

committee that do have the true scientific background and I would 
say to you that ten years from now, your needs and your path in 
life may change, so I hope you will consider that as well. 

Teresa, do you feel that your educational background helped you 
participate in the programs? 

Ms. Kowalski. Yes. 

Ms. Lloyd. You have made a lot of progress in a short time, 

Ms. Kowalski. Thank you. Yes f that and the fact that I wanted 
four years before I came back to college. It took me a long time to 
decide if and what I wanted to study and I needed a spark to set 
me off in the right direction. 1 was originally a math and computer 
science major until I sat in on one of my sister's geology classes 
and decided that this is definitely where I wanted to start. So my 
education has a lot to do with what 1 do. I like a little bit of every- 
thing, so 1 studied a little bit of everything. My background is real 
diverse, so it is just a matter of interest. 

Ms. Lloyd. Had any of you participated in DOE programs previ- 
ous to this? 

Ms. Kowalski. Just the two. 

Ms, Lloyd. Mr. Rodriguez, have you discussed this program with 
any of your peers? 
Mr. Rodriguez- Velez. You mean in my country? 
Ms, Lloyd. Yes. 

Mr. Rodriguez-Velez. Yes. In fact there are some friends of 
mine that are waiting to find more information about the program 
and they are encouraged to apply and they are thinking to apply 
for next fall. It is nice because I think there are many potential 
students on our campus and many campuses in Puerto Rico, I 
think that could be in other states, that maybe if one of us tell 
them about the program, that they really get encouraged and they 
can really find a good experience through these programs. Because 
I think that they gave us the chance to really develop our mind as 
scientists. 

For example, in my case, this really encouraged me to continue 
studying for my Ph.D. and helped me to find out really what I 
wanted to do in science. It helped me a lot. 

Ms. Lloyd. Do you know of any other programs other than this 
oni; that you were selected for? 

Mr. Rodriguez-Velez. Well in Puerto Rico, I participated in a 
program that is similar, it is called Puerto Rico Research Center 
for Science and Engineering, a summer research program. There 
we do not have the state of the art technology and equipment that 
you have here, and that is why I think it is really important, the 
experience that students can get from the national late. 

Ms, Lloyd. Thank you very much. We thank all of you. You were 
excellent witnesses and we certainly wish you the best. 

This concludes this hearing. We will be— I think Mr. Schiff and I 
agreed that this would be the beginning of hearings that we would 
like to involve our Committee in, and I just must say that I do not 
know a more dedicated member of our Committee that works 
harder than Congressman Schifif. And again, my appreciation for 
you being here in Chattanooga. 
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I would also like to thank the staff, Mr. Murray and Ms. Smith 
and Ms. Rising for their excellent help, our recorder, and also 1 
would like to thank my Chattanooga staff for their help. 

Unless there is further comment, we do thank all of you— Mr. 
Schiff? 

Mr. Schiff. Nothing. 

Ms. Lloyd. We thank all of you, and if there is no further com- 
ment, the subcommittee stands adjourned. 
(Whereupon, at H-.4K p.m., the Subcommittee was adjourned.) 
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